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It is very seldom that people wearing 
reading glasses with a fairly strong plus 
correction are annoyed by reflection 
images, but occasionally such a case is 


encountered 


We have the case of Mrs. G as an example. 
Che patient had, to us at least, an unusual 
complaint .. . when wearing her reading 


glasses she could see her eyelashes and 


her eyes mirrored in her lenses, 


A quick solution would have been to place 
the lenses closer to her eyes but in this 
case due to very, very long eyelashes, the 
position could not be changed. Deeply 
curved lenses were no help, nor were 


fairly flat lenses. Every possible angle of 
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tilt was tried—-none of which did one bit 
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As a last resort the lenses were coated 
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was satisfied. 
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above, the coating has been ordered for 
cases where the lenses would have to be 


positioned quite far from the eyes 
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treated are getting on so well with them 
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Sarcoidosis is a chronic disease of un 
known origin and relatively benign prognosts 
characterized by a widespread but variable 
distribution of a specthe granulation tissue 
Although its presence has been mentioned 
and described in many parts of the body, in 
cluding the various structures of the eye, 1 
has only once been indicated as bemg present 
as a separate lesion in the orbit.” Phe purpose 
of this paper is to review some of the out 
standing facts concerning sarcoidosis and to 
present a case of this disease with orbital 
involvement, 

Sarcoidosis was apparently first described 
by Hutchinson in 1875 after observing the 
ailment for six vears.' Calling the condition 
“NMortimer’s malady,” he be stowed upon hts 
patient's name a dubious and probably un 
wanted honor. Several years later he wrote 
another paper in which a second case was 
presented 

In 1889 Kesnier,’ apparently unaware of 
Hutchinson's observations, desé ribed what 1s 
believed by some modern authors* to be 
sarcoidosis. His name for the ailment was 
lupus permo Tenneson’ added to the subject 
in 1892 using Besmers non enclature 

The term “sarcoid” was originated by 
Roeck.* a dermatologist of Norway, in 1899 
who described the skin lesions associated 


with the disease. Apparently he was unaware 


* From the De partments t ¢ pl thalmology 
Long Island College Hospital 1 Brookl | 
and Ear Hospital. Present efore the Br 
Ophthalmological Socret April 15, 1948 

* Since this articie W writte t least two ] 
pers” featuring sar | e orbit have aj 


peared 


New York 


at the time that the cutaneous disorder was 


part of a systemic condition It was not until 
1914 that Schaumann’ indicated the disease 
to be a generalized disorder rather than 
limited to the skin, Reports since then” con 
firming Schaumann's thesis have indicated 
that the disease is not the great rarity It was 
once considered 

Levitt® compiled a comprehensive review 
of the literature up to 1941 in which this 
fact is amply de monstrated. In 1944, Woods 
and Guyton* showed the relation of this 
disease to uveitis, A good historical account 
ef sarcoidosis was compiled by Hunter in 
1936." A recent article by Michelson" criti 
cally revi wed the possible etiology of sar 
coidosis. Although tuberculosis has for a 
long time been considered as a possible causa 
tive agent, pathologi as well as clinical data 
contradict this theory 

Recently, there has been a fairly general 
acceptance of the name “sarcoidosis” for the 
condition under discussion. The next most 
Joeck’s 


Other names have been “benign 


acceptable name would seem to be “ 
sarcoul.” 
lymphogranulomatosis,” “Besnier’s disease,” 
“Schaumann’'s disease,” Besnier- Boeck 
Schaumann’s disease,” “Noncaseating tuber 
culosis.” “Paratuberculosis,” “lupus pernio,” 
“benignes miliar lupoid (Boeck ),” “Hutch 
‘nson-Boeck’s disease,” and probably others 
And. of course, we must not forget “Mortt 


mer’s malady.” The Cumulative Ouarterly 


Index Medicus uses the term “sarcoidosis” 


when referring to this disease Michelson" 


gives pertinent reasons for the use of this 
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( LINICAL PICTURE OF SARCOIDOSIS 


Considering the widespread distribution 
of its lesions, sarcoidosis is an unusually 
benign condition. Those afflicted, as a rule, 
enjoy “good health” and are free from syste 
mic symptoms. Occasionally a low-grade 
fever may persist over a period of weeks or 
months which suggests tuberculosis or bru 
cellosis. Occasionally the oculist is consulted 
because of some eye involvement. The skin 
lesions may bring the patient to the dermat- 
ologist as the first consultant. At other times, 
the disease is first diagnosed by the roentgen- 
ologist during the viewing of X-ray studies 
of the hands, feet, or chest. Once a clue has 
been discovered in these ways, further ex 
amination of the patient will usually reveal 
other confirmatory findings 

Although there is a widespread distribu 
tion of the condition throughout the body, 
the location of the lesions is unpredictable 
Thus, one patent may have sarcoidosis of 
the skin, lungs, and bones, whereas, another 
may have it of the eyes, lymph nodes, and 
liver. Of course there may be much over 
lapping of cases with regard to bodily loca 
tions of the lesions. 

Sarcoidosis is essentially a disease of the 
reticulo-endothelial system. For this reason 
one is not surprised at its widespread dis 


tribution. 


SKIN 


Of 35 cases of sarcoidosis reported by 
Reisner, 14 (40 percent) had skin lesions." 
There are two types of lesions characteristi- 
cally found in the skin. These are the super- 
ficial and deep. The superficial lesions are 
papular and nodular elevations, neatly de- 
fined, reddish, and surrounded by a zone of 
superficial scaling. They may vary in size 
from 1 to 10 mm. The deep lesions are 
present as subcutaneous, firm, nodular 
masses measuring from 5 to 20 mm, in 
diameter. The sites of predilection for these 
skin lesions are on the face, extensor sur 


faces of the arms and legs, shoulders, and 
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trunk. The face lesions may involve the lids. 
Usually there is no subjective complaint 
associated with these lesions. 


LYMPH NODES 

These may be generally enlarged over the 
entire body. On the other hand, there may be 
specific groups of such enlargements im vari 
ous parts of the body. Thus, the submaxillary 
or inguinal may be the only groups affected. 
Occasionally the mediastinal nodes are alone 
involved and these may be detectable only by 
X ray. Reisner found the lymph nodes in 
volved in all of his 35 cases. Woods and 
Guyton,* on the other hand, noted that in 15 
cases of sarcoidosis three had generalized 
lymphadenopathy, nine had a “few” nodes, 


and three had no nodes enlarged 


LUNGs 

Characteristically, there is an infiltration 
of the parenchyma with the granulation tis 
sue. This occurs mainly in the hilar regions 
and in the lower lobes. In 10 percent of pa 
tients with sarcoidosis of the lungs, tuber 
culosis develops.* This may be attributed to 
malfunction and stasis of the lungs produced 
by the sarcoidal involvement. Apparently 
this is a secondary result. The general opin 
ion is that sarcoidosis is not a tuberculous 
infection, nor does it ever metamorphose into 
the disease. Thirty-three (94 percent ) of 
Reisner’s 35 cases had pulmonary sarcoido 


SIs, 


BONES 

Occasionally there may be swelling and 
tenderness over the bones of the hands or 
feet as a result of sarcoidosis. More fre 
quently, however, the diagnosis of bony in 
volvement is made by X-ray films, which 
may have been taken to confirm the diagno 
sis of sarcoidosis; or the X-ray diagnosis 
may have been purely a fortuitous finding in 
examining for some other condition, such as 
fracture. Characteristically, the lesions are 
found in the small bones of the hands and 


the feet. The X-ray picture in these locations 
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resembles gout more than any other disease. 
Cystic and punched-out areas of decalcifica- 
tion may be seen in the bones of the hands 
and feet. Reisner found bony involvement 
in nine (26 percent) of 35 cases of 


sarcoidosis. 
LIVER AND SPLEEN 


According to Guyton and Woods,* 50 
percent of patients with sarcoidosis have 
these organs enlarged. The pathologic proc- 
ess consists of an infiltration of these organs 
with the typical granulation tissue. 


’AROTID GLANDS 

These are not infrequently involved in 
sarcoidosis. The relationship between Miku- 
licz syndrome and Heerfordt’s disease (uveo- 
parotid fever) and sarcoidosis has been 
noted by several authors.* ‘* Pathologic 
examination of the parotid glands with sar- 
coidosis disclosed the typical lesion, Four 
(11 percent) of Reisner’s cases had parotid 


involvement, 


HEART, MUSCLES, MENINGES, AND OTHER 
ORGANS 

Reports have been presented to show the 
pathologic process occurring in almost every 
part of the body, including the ones men- 
tioned. In the vast majority of instances 
there are no clinical signs or symptoms refer- 
able to the disease in these organs. Since 
spontaneous remission occurs, it is possible 
for some of these patients to have had in- 
volvements which were not present at path- 
ologic examination because of complete clear- 


ing of the disease. 
LABORATORY FINDINGS 


The three most outstanding laboratory 
findings are the presence of false positive 
Wassermann reactions, an anergy (that is, 
lack of response) to tuberculin, and an in- 
creased globulin fraction of the blood. Other 
findings, such as an occasional moderate 
eosinophilia, an increased sedimentation rate 
or a hypercalcemia are less indicative of the 
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condition. X-ray findings have been men- 
tioned under organ involvements. 


EYE FINDINGS 

Levitt® compiled 100 cases of sarcoidosts 
in the literature. Forty-three of these had 
involvement of the eye. Of these, 28 had 
uveal involvement, 10 had phthisis bulbi 
(possibly an end result of uveitis), nine had 
lacrimal gland involvement, seven had in- 
volvement of the skin of the lids, and six had 
the disease in the conjunctiva. No mention 
is made of orbital involvement with sarcoido 


sis as a separate entity. 


MEANS OF DETECTION OF THE DISEASE 

Because of the lack of subjective symp 
toms in this disease, patients may harbor it 
for long periods of time before consulting 
a doctor. Occasionally skin or eye disease 
will cause the condition to be noticed, The 
radiologist looking for traumatic or other 
pathologic condition of the extremities or 
during examination of a routine chest plate 
may note the condition. Corroboration can 
usually be obtained by further study of the 
patient. 

PATHOLOGY 

The essential findings of sarcoidosis, re- 
gardless of the tissue in which it is found, 
are always the same. It consists of a granula 
tion tissue composed mainly of epithelioid 
cells with some giant cells interspersed. 
Eosinophiles are frequently present. A mod- 
est sprinkling of lymphocytes and fibrous- 
tissue proliferation may also be seen on the 
microscopic section. Because of the tubercle- 
like formation, the section resembles very 
closely one of tuberculosis ; the two outstand- 
ing differences are the lack of caseation and 
the absence of tubercle bacilli. 


CASE REPORT 
A. E., a 44-year-old Negress, a domestic 
worker, born in the United States, came to 
the Eye Clinic of the Long Island College 
Hospital on August 11, 1947, complaining 
of a lump behind her left upper lid. This had 
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appeared two months previously and had 
been increasing progressively in size, The 
lesion had never been painful or inflamed. 
It had always been hard to the touch. The 
only complaints referable to the eyes were 
an occasional mild itch in both eyes tor the 
past two months and some pain in the left 


ived 


The 


shaeht merea 


Fig. | (Bodian and Lasky 


infiltration. TI 


ungs displ 


ere Was 


eye on exposure to bright sunlight for the 


same period, Otherwise she felt perfectly 
well 

Past history She had always enjoyed good 
health but, 1943, a blo 
performed showed that she had syphilis and 


\fter 


xl test routinely 


antisyphilitic injections were started 


receiving 17 injections in her hips and arms 
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the patient failed to return for further treat- 
ment, One month before admission to this 
clinic she was again found to have “bad” 
blood on routine blood testing. At this time 
she received four injections of penicillin, 
but refused to go for further treatment. 
Family history. There was no evidence of 


minence the right hilum with some perthilar 


pr 
f the right lower lobe 


syphilis, tuberculosis, or tumor formations 

Physical examination. The patient was a 
well-developed and well nourished Negress 
in no apparent discomfort. Temperature was 
99°F, pulse 80, respirations 20, blood pres 
134/84 mm. Hg 


No subcutaneous lymph 


sure Skin showed no evi 


clem e oft disease 


nodes could be palpated. Head was normal in 
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size and shape. Ears, nose, and throat showed 
no pathologic condition. Heart and lungs 
were normal to percussion and auscultation 
Abdomen exhibited no tenderness, visceral 
enlargements, or masses. Extremities had 
no swellings, tenderness, or edema, 

Eye examination. Behind the left upper 
lid closer toward the outer canthus was a 
hard mass, 30 by 15 mm. This was freely 
movable and not fixed to overlying skin. No 


tenderness could be elicited. All other struc- 


largement suggestive of rheumatic involve- 
ment. A very slight tortuosity and elonga- 
tion of the aorta were also noted. The lungs 
displayed prominence of the right hilum 
with some perihilar infiltration, The latter 
findings were considered suggestive of sar- 
coidosis, There was a slight increase in the 
bronchial markings of the right lower lobe 
(fig. 1). 

HANDs. with 
punched-out foci were present at the ter- 


Areas of  ostec yporosis 


Fig. 2 (Bodian and Lasky). Showing punched-out foci of osteoporosis at terminal portions 
of both first metacarpals 


tures of the eve seemed normal, No evidence 
of episcleritis, uveitis, or other lesions was 
found, Media were clear and fundi normal 
Extraocular motility was normal 


Blood 
August 15, 1947, was 88 mg. percent. Urine 


Laboratory findings sugar on 
and blood counts showed no pathologic find 
test on September 


\ Mantoux 


negative 


ings. \Wassermann 
15th, 
September 22, 1947, 
1/100,000 mg. of The 
10,000 mg 


was doubtful test on 


Wits lo 


same result was 
obtained with 1 

Y-rays. Studies on September 17th 
The showed a minimal en 


CHEST heart 


both first) metacarpals 
They were more pronounced on the right. 


Phese the bony 


changes seen in sarcoidosis. Evidence of old 


minal portions of 


findings are typical of 


healed fracture of the left forefinger in the 


proximal phalanx and possibly of the left 
2). 
spherical 


fifth metacarpal was seen (fig. 
Bilaterally there 
areas of decreased density about the ter- 


were 
minal medial portions of the first metatarsal 
and first proximal phalanx. This was more 
marked on the right. These findings were 
considered consistent with sarcoidosis (fig. 


3). 


bag 
| 
q 
be 
= 
J 
we 
2 


JR MARTIN BODIAN AND MORTIMER A. LASKY 


Orsits. No evidence of bony destruc- 
tion or other pathologic process of the orbit 
could be discerned. 

Course. The patient was admitted to the 
Long Island College Hospital on August 14, 
1947. On August 15th, she was started on 
injections of 300,000 units of penicillin in 
beeswax and peanut oil daily for the treat- 
ment of her apparent syphilis. This was 
given for a period of 10 days (total of 3 
million units). 

Om the same day, August 15th, the tumor 


big 


eventful and the patient was discharged from 
the hospital on August 21, 1947, one week 
after admission. 

Pathology report (Dr. J. Arnold DeVeer). 
“A granulomatous mass, typical Boeck’s sar- 
coid” (figs. 4, 5, and 6). 

Follow-up in the clinic disclosed that the 
patient had a slight amount of diplopia on 
upward gaze which gradually cleared as 
healing progressed. 

On September 22, 1947, it was noted that 
two small, firm, orbital masses were present 


3 (Bodian and Lasky). Bilaterally there were spherical areas of decreased density about the terminal 


medial portions of the first metatarsals and first left phalanges 


behind the left upper lid was excised. This 
was done without difficulty through a hori 
zontal skin incision in the eyebrow, Blunt 
dissection was adequate for most of the sur 


gery. The deep surface of the mass was in 


close approximation to the conjunctiva of the 
upper Other this, it 
sharply defined and easily separated from all 


cul-de-sac than was 


surrounding structures. The mass was sent 
to the pathology laboratory for study. Skin 
closure was made with interrupted black 


sutures, The postoperative course was un- 


behind the upper lid of the right eye. The 
larger was temporal. September 26, 1947, 
was her last visit to the Long Island College 
Hospital Eye Clinic, at which time there was 
no recurrence of tumor formation in her 
left eye, but the right eye was apparently 
unchanged. 

We heard no more from this patient until 
October 21, 1947, when she appeared at the 


eve service of Dr. Walter V. Moore® of 


* We are indebted to Dr. Walter V. Moore for 


the use of his clinic material 
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Brooklyn Eye and Ear Hospital. At this 
time she concealed the fact that she had been 
treated at the Long Island College Hospital, 
and gave no clue to the treatment given her. 
Her complaint was a mass behind the right 
upper lid. This had been present for three 
months and growing larger, especially for 
the last month. 

Examination of her eyes showed a mass 


Fig. 4 (Bodian and Lasky). Section of orbital tumor removed from patient, A. E., showing typical 


pathologic picture of sarcoidosis. Low-power magnification shows general architecture of tumor tissue 
(x95). Giant cells and tubercle formations are plentiful. The absence of caseation is notable 


behind the right upper lid which was lobu- 
lated, firm, nontender, and freely movable. 
The overlying skin was not fixed, The larger 
portion of the mass was temporal, Smaller 
similar masses were felt behind the lower 
lids near the outer canthi. The old operative 
incision of the left eyebrow was well healed 
and not noticed. No vertical diplopia was 
present. There was no recurrence of any 
mass hehind the left upper lid. Because the 


lesion of the right upper lid was becoming 
unsightly in its size and also for diagnostic 
purposes, it was decided to have it removed. 

The patient was admitted to Brooklyn Eye 
and Ear Hospital on October 30, 1947, on 
which day she had an operation performed 
for the excision of the tumor mass. Local 
anesthesia was applied to the right upper 
lid by means of procaine injections. The 


tumor was easily shelled from its surround- 
ing tissue by blunt and sharp dissection. It 
measured 1.5 cm. in diameter and was 4 
cm, long. The color was pink-yellow. Because 
of its density and grittiness it was difficult 
to cut with a knife. The mass was sent to 
the laboratory for examination. 

The pathology report (again made by Dr. 
J. Arnold DeVeer) was “typical of Boeck’s 
sarcoid.” The patient was discharged from 


MARTIN 


the hospital five days after admission with 
the wound healing well 

To complete our studies additional tests 
These included a Kahn test of 
the blood, which was plus-minus in reaction 


were done. 


Because of this doubtful report a Laughlin 


Fig. 5 (Bodian and Lasky) 
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there was no evidence of recurrence of the 
the 


lesions behind the lower lids seemed to be 


masses in either upper lid. However, 


growing larger. Advice to the patient to re- 
turn to the chime for follow-up was not 
heeded 


Higher magnification of sarcoidal tumor removed from patient, A. | 


Fibrosis and round-cell infiltration may be noted about tubercles containing giant cells (« 190) 


test was done and found to be positive. On 
14, 1947, a 
Om October 30 


November Mantoux test with 
1/100 mg 
48 hours 


val 


“slightly 
1947, 
ke ukocyte s or 


was positive’ in 
a conjuncts 
smear 


Was negative lor 


Physical examination showed a 
160,90 mm. Hg, but all 


skin, lymph 


organisms 
blood pressure ot 
other systems, including lungs, 
nodes, and abdominal organs were perfectly 
normal. 

The operative site healed uneventfully and 
last 


when last seen (two months after her 


and four months after her first operation) 


DiscUSSION 
From the available literature we must con 
sarcoidosis remains 


clude that the cause of 


unknown. The argument of whether or not 


tuberculosis is the cause seems to have been 


won by the “nayes.”” However, even those 
who take the negative side profess to keep 
an open mind on the subject. Against an 
acid-fast etiology are the following factors: 


1. Direct smears, cultures, and animal in 


oculations have been uniformly negative for 


the organism 


2. Sarcoidosis involves many widespread 
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and unrelated systems simultaneously ; 
whereas, tuberculosis is rarely found in more 
than one organ at a time. For instance, typi- 
cal bone tuberculosis is practically never 
associated with infection of the eyes, lungs, 
or peripheral lymph nodes, unless miliary 
spread supervenes. 


a relative anergy in sarcoidosis—some cases 
failing to react to 10 mg. of tuberculin given 
intracutaneously*—also unlike tuberculosis. 
7. General symptoms, such fever, 
weakness, lassitude, are unusual in sarcoido- 
sis as compared to tuberculosis. 
8. The site of involvement of the lungs is 


Fig. 6 (Bodian and Lasky). A single tubercle containing three giant cells separated by fine strands of 
fibrous tissue. A round-cell infiltration surrounds the fibrous tunic of the tubercle. Taken from orbital 


tumor mass removed from patient, A. FE. (420) 


3. Untreated sarcoidosis tends to spontan 
eous disappearance, Tuberculosis of an or 
gan tends to progress—frequently even 
under proper treatment. 

4. Caseation is not part of the pathologic 
process in sarcoidosis; whereas, it is char- 
acteristic of tuberculosis 

5. Family histories have thus far been 
negative in sarcoidosis—unlike tuberculosis 

6. The tuberculin tests have demonstrated 


toward the bases in sarcoidosis; whereas, 
it involves the apices characteristically in 
adult tuberculosis 

ven though the exact cause for the dis 
ease has not been ascertained it seems likely 
that an infectious agent is responsible, Sev- 
eral facts point in that direction: (1) The 
globulin fraction of the serum is elevated; 
this protein element is the one which con- 
tains the antibodies of the blood and in- 
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creases usually in response to an infectious 
agent; (2) the false positive Wassermann 
reaction possibly suggests a response to some 
pathogenic organism; (3) the sedimentation 
rate is increased—also suggestive evidence 
of infection; (4) the growth of tuberclelike 
structures along the course of a healed cor- 
neal incision in Levitt’s case “suggests the 
direct inoculation of the wound at the time 
of operation’® (This eye had been operated 
on for secondary glaucoma from sarcoidal 
uveitis); (5) the tendency to spontaneous 
healing may indicate the development of 
specific antibodies against a living agent. 

A case is cited by German" wherein a 
skin lesion microscopically identical to sar- 
coidosis was produced in response to trau- 
matically imbedded particles of silica. The 
localized nature of this lesion, as well as 
other factors, makes it unlike sarcoidosis in 
all other respects. 

Two cases with lacrimal gland enlarge- 
ment were noted by Reisner” in a group of 
$5 sarcoidosis patients. Wexler’® reports a 
case with bilateral lacrimal-gland involve- 
ment which was confirmed by pathologic 
study. Walsh,"’ Scott,’* Stallard,’® and others 
have described swellings of the lacrimal 
gland associated with sarcoidosis. 

In a number of instances microscopic 
study has shown the typical pathologic proc- 
esses pervading the glandular structure. 
None of these observers report the presence 
of orbital masses separated from the lacri 
mal gland in sarcoidosis 

The only reference to sarcoidosis of the 
orbit as a separate ocular entity was made 
in 1939 
year-old white woman who complained of “a 


little lump under the lower lid of the left 


20 


by King His patient was a 64 


eve” present “for about a week.” 


Examination of the eye was essentially 
negative except for a firm nodular mass, one 
cm. diameter, beneath the conjunctiva and 
projecting up behind the globe into the lower 
fornix. An X-ray study of the orbit showed 
only increased density in the region of the 


growth. The mass was removed surgically 
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and it was found to be two cm. long and 
one cm. in diameter. Healing was unevent- 
ful. 

Dr. Verhoeff's pathologic report stated 
that the material was “typical of Boeck’s 
sarcoid.”” Further examination of this patient 
showed involvement of the lungs, lymph 
nodes, enlarged liver, and neurologic findings 
affecting her left leg. A seven-year follow up 
showed no recurrence of the orbital condi 
tion and a spontaneous clearing of the lungs. 


Commenting on this case King remarks, 


. Judging from the literature, this is the 
only case in which a sarcoid tumor mass of 
the orbit has been found in the literature.” 

Since that time (1939) the literature has 
failed to mention a similar orbital mass. lor 
this reason we feel that the case we have 
presented is of unusual interest. 

In 1933 Wilmer* presented a 56-year-old 
white woman who had hard palpable masses 
behind the right lower and left upper lids 
Episcleral lesions were also present over the 
insertions of the right medial and _ lateral 
rectus muscles. Biopsies of the orbital lesions 
showed typical tuberculous tissue in which 
were found “numerous spots of caseation.” 
Apparently lesions resembling sarcoidosis 
were found nowhere else in the body. Dis- 
cussing this case, Dr. F. H. Verhoeff stated 
that he had 


sarcoid but in none of these was the conjunc 


“seen several cases of Boeck’s 


tiva or orbit involved.” This statement is in 
keeping with the rarity of orbital sarcoidosis 
noted in the literature 

Those who believe in the tuberculous 
nature of sarcoidosis might find some com 
fort in the findings of this case of Wilmer’s 
but the resemblance is meager. The presence 
absence of 


of caseation and generalized 


bodily involvement practically exclude a 
diagnosis of sarcoidosis. 

The patient we have presented is unusual 
in having multiple sarcoidal masses of the 
orbit, two of which were proven by patholo 
gic study. The eyes were otherwise not in 
volved. Generalized typical sarcoidosis was 


present. 
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SUMMARY AND CONCLUSIONS 

A brief review of the published work on 
sarcoidosis is presented. A voluminous litera- 
ture continues to bring to light new facts on 
the etiology, course, and clinical manifesta- 
tions of the disease. 

A case of typical sarcoidosis, with lung, 
bone, and orbital involvement is presented. 
The unusual feature of this case is the pres- 
masses in the orbit. 


ence of sarcoidosis 


Otherwise the eyes and their adnexas were 


apparently free of the process. Excision and 


pathologic examination of two of the four 
orbital tumors showed the typical pattern. 


This included tubercle formation with ept- 
thelioid and giant cells and the absence of 
caseation. 

King, in 1939, described the only other 
case of “pure” orbital sarcoidosis noted in 
the literature. His case had a single orbital 
mass, Our patient had four such bodies. 

Arguments against the tuberculous nature 
of sarcoidosis are presented. Reasons for 
believing this entity has an infectious nature 
are also put forth. The etiology remains un- 
known. 

349 Eastern Parkway (16). 

One Nevins Street (17). 
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In 1929 I modified can 


thotomy.' This operation ditters from an 


described my 


ordinary canthotomy principally im the tact 
that the external angle of the palpebral fis 
sure is not sectioned in the horizontal plane 
To the itself 


whole 


the angk remains 


shortened canthal 


contrary, 
and the taut and 
ligaments of the upper and lower hid (in 
cases of trachoma, and so forth) are cut off 
through a vertical intermarginal wound at 
the external canthus 

Once, when performing this operation, ] 
probably did it a little too ra lically, as lacri 
mal gland tissue was seen on the bottom of 
the wound 

The 


method might be more suitable for the re 


idea then occurred to me that this 
moval of the palpebral portion of the lacri 
mal gland than the one first introduced by 
de W ex ker’ ( [RSS ), 


know, 1s recommended by 


which, as far as | 
all te xtbooks ox 
tirpation of the gland from the mterior sur 
in incision made in 


The well 


disadvantage of 


face of the lid through 


the lateral part of the cul-de-sac 


known and much feared 


such an incision is that some small strip of 


gland or tissue remains between the edges otf 


the wound or immediately behind it, or that 


the conjunctival wound, when sutured, re 
mains slightly open at sore place, Thus, a 
permanent lacrimal fistula may arise 


maintam a state of 


cause a prolonged conjunctivitts 


After 


incision im a few 


having used a vertical canthotomy 


instances, I noticed that 


this surgical ipproach was not particularly 


easy, chiefly because there was not room 


enough for free manipulation, On this a 


count I transferred the incision from the 
intermarginal space entirely to the skin. All 
difficulties then disappeared 

* From the Ophthalon the Lnmwersity 
oft Helsink: This paper Was read at tie meetit 
of the Assecratw f Ophthalmol sts nm Finland 
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REMOVAL OF PALPEBRAL PORTION OF LACRIMAL 
GLAND THROUGH THE SKIN* 


Mauno Vannas, M.D 
Helsinki, Finland 


rritation and even to 


As this method has now been used at our 
clinic for approximately 10 years, 1t seems 
right to report on our experience. A further 
reason for publication was found in the 
article published by Emile Haas* in which 
he reports a rather unusual method of re 
moving the orbital lacrimal gland through 
the skin 


OPERATIVE PROCEDURE 

Our method for removing the palpebral 
portion of the lacrimal gland 1s 

An incision, 10 to 12 mm. long, is made in 
the skin immediately above the superior 
margin of the external canthal ligament. It 
at the level of the 
fold and parallel to it. One-half of the in- 


cision is on the nasal side of the orbital mar- 


palpebral skin 


passe 


gin and the other half is lateral to it. It ts 
advisable to mark out this incision prior to 
the operation and the str tching of the skin 
The wound is now dilated with a lacrimal- 
sac speculum and the muscle fibers and other 
tissues are dissected free rather bluntly. 
Proceeding deeper and rather straight m 
the anteroposterior direction it is not long 
before the first tubuli of the palpebral gland 
The 


glandular tissue is there readily recognized 


ire seen on the bottom of the cavity 


by its oval tubulated appearance 


Gripping it with suitable forceps, the 


gland quite easily follows the pull. But it 


mav also break off and, therefore, it is well 


to separate it from the surrounding tissue 


before its posterior end is finally severed 


with scissors. If the grip loosens or only a 
part of the gland ts removed, there is no 
difficulty in finding the residual gland tissue 
ind then removing the gland bit by bit. 
Really the only important fact to remem 
ber when separating the palpebral gland 
from the conjunctiva is that the ducts of 
the orbital gland passing through the palpe 
adherent to the sur 


bral gland are firmly 


rounding tissue not only to the area of the 
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LACRIMAL GLAND OPERATION 


upper fornix, but sometimes even to the 
external angle and below it. 

Thus, when the gland is pulled with the 
forceps, the conjunctiva will also rise with 
it. If the medial margin of the gland is then 
confidently sectioned to separate it from the 
conjunctiva, we may at the same time cut a 
hole in the conjunctiva of the fornix—-which 
is exactly what we wish to avoid. The inner 
wall of the gland must thus be carefully 
separated from its basic tissue, the ducts be- 
ing severed in such a way that the conjunc- 


tiva remains intact 


As a special precaution | have used a sub 


conjunctival bridle suture (placed between 


the conjunctiva of the cul-de-sac and the 
medial wall of the gland) covering at least 
The suture ts 


placed before the operation. For the 


the whole area of the gland 
same 
purpose a pair of forceps with particularly 
broad ends may be used 

By this bridle suture or by the forceps, 
the conjunctiva of the cul-de-sac can be pre- 
vented from rising comecally when the gland 
is being pulled forward through the wound. 
At least it is easier by their aid to deter 
mine how far the conjunctiva of the fornix 
has risen in each phase. Thus the danger of 
penetrating the conjunctiva in extirpating 
the gland becomes fairly slight 
ducts, 


Because of the firmness of the 


successful the 


blunt separation is not 


area of the gland wall, but the ducts with 


their surrounding tissue must be separated 
with sctssors or a knife 

When this has been accomplished, the 
operation is complete except for one small 
suture with which the cutaneous wound ts 
closed. 

No postoperative treatment ts needed ex 
Since the 


cept an evepad operation is per 


formed so laterally and through a small 
oblique incision, no injury to the aponeurosi: 
of the levator or to the fascia tarso-orbitalis 
that might result in ptosis need be feared 

It is also possible to remove through the 
same incision part of the orbital gland, if the 
wound en 


incision is elongated and the 


larged inward. To remove the entire orbital 
portion the surgical approach must be 
higher up, immediately below the superior 
temporal margin of the orbit which must 
still be considered the routine procedure for 
that purpose 

The indications for extirpation of the 
lacrimal gland are well known and comprise, 
in short, cases of otherwise incurable epiph- 
ora. 

In our clinic, extirpation has mostly been 
performed for correction of epiphora follow- 
ing the removal of the lacrimal sac, and it 
was almost the routine procedure before 
Toti’s* operation was introduced, Extirpa- 
tion of the gland has not been common, 
however, During the last 30 years only 63 
such operations have been carried out here. 
The method herein described has been used 
26 times (22 patients). 

The fact that removal of the gland has 
not been undertaken more frequently, al- 
though there are quite a number of cases in 
which the ordinary treatment is futile, can 
scarcely be attributed to anything else than 
to the results not always being satisfactory. 
One factor which has reduced the number of 
these operations in recent years is probably 
that dacryocystorhinostomy is now generally 
used here instead of extirpation of the laeri- 
mal sac 

In his publication Emile Haas* has recom 
mended the removal of the orbital portion of 
the lacrimal gland as a routine procedure for 
correction of epiphora in the cases men 
tioned, He even considers it important that 
the palpebral gland remains fully intact dur- 
ing the operation and claims that the epiph- 
as the 
of the 


lacrimal secretion is removed. Haas doesn’t 


ora will, of course, be corrected, 


gland which produces nine tenths 


give the number of patients treated by thts 
surgery 

Theoretically, it seems that extirpation 
of the palpebral portion of the lacrimal gland 
should have almost the same effect as extir- 
pation of the orbital portion, because all the 
then eliminated to- 


ducts of the latter are 
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gether with the palpebral gland. The idea 
that the gland atrophies when its ducts are 
sectioned is not new. It forms at least partly, 
the basis of the operation recommended by 
Jameson,’ which we have termed canalicu- 
lotomy : Through an incision in the conjunc- 
tival surface of the lid all ductules of the 
lacrimal gland are sectioned subconjuncti- 
vally in the area of the fornix. 

In 10 cases | combined this canaliculotomy 
with extirpation of the palpebral gland and, 
in a few cases, it was the sole surgical pro- 
cedure; each time the operation was per- 
formed through the skin. It seems to be less 
effective for correcting epiphora than one 
would expect. For that reason I am inclined 
to doubt whether the gland actually becomes 
atrophied as a result of the cutting off of the 
ducts, although for instance Stock* makes 
the short, 
Tranendriise atrophiert infolgedessen.” 

It seems to me that the first thing a gland 


definite statement “die orbitale 


does after such surgical interference is to 
begin to produce new, as it were, substitute 
ducts. In some as yet unknown way these 
ducts also seem to be able to bring tears 
into the eve. It is also possible that the ac- 
cessory (Krause’s) lacrimal glands may in- 
crease their activity and perhaps change in 
size (or even increase in number) in such 
cases 

On the basis of what has been said, it is 
understandable that extirpation of the palpe- 
bral lacrimal gland has not been done more 
often here, although we now have, in my 
opinion, an operation for that purpose which 
is easy to perform 

Rased on the experience obtained it may 
be stated briefly that extirpation of the pal 
pebral portion of the lacrimal gland pet 
formed according to this method gives a 
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fairly satisfactory result in about 65 to 70 
percent of cases of epiphora, In the others, 
epiphora continues for reasons all of which 
are not known at present. 

In evaluating the results of the operation, 
the patient's subjective opinion is almost a 
more reliable criterion than Schirmer’s™ test. 
I have come to the conclusion that the irrita- 
tion caused by the litmus of congo paper 
used for measuring the degree of wetness 
varies in the individual cases depending on 
the sensitiveness of the eye. Thus the wet- 
ting of the paper measured in millimeters 
does not always give the right conception of 
the wetness of the eye and the discomfort it 
causes the patient. 

The danger of the eye becoming too dry 
following a removal of the palpebral gland 
does not seem probable. If that happens, it 
seems that the patient must have some other 
disease predisposing to a dry eye. 


SuM MARY 


A method is suggested for the removal of 
the palpebral portion of the lacrimal gland. 
This method leaves the conjunctiva of the 
fornix intact and exposes the gland from 
the cutaneous side. 

It must be remembered that the conjunc- 
tiva of the cul-de-sac adheres to the gland 
and that, when the gland is dissected out, 
there is danger of puncturing the conjunc 
tiva unless it is grasped with broad-pointed 
scissors or a subconjunctival bridle suture is 
placed 

Good results have been obtained in 65 to 
70 percent of the cases of epiphora in which 
this operation is indicated 

Schirmer’s test is not a reliable test for 
epiphora 
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THE AUTOCLAVING OF DRUGS FOR USE AT THE TIME 
OF INTRAOCULAR SURGERY* 


W. H. Morrison, M.D., anp STantey M. Truuesen, M.D. 


Omaha, 


The proper method for the sterilization of 
drugs to be instilled in the eye immediately 
before, during, or after intraocular surgery 
is controversial. The methods of drug sterili- 
zation differ from hospital to hospital 
throughout the country. Certain practices 
may be based on scientific study ; whereas, 
most drug sterilization, if it is done at all, 
is left to the discretion of the nurse in 
charge, or is the result of advice given by 
the surgeon on conflicting or hearsay evi- 
dence. In many hospitals drugs, which have 
been prepared by the pharmacist under as 
clean conditions as possible, are instilled in 
the eye at the time of surgery. This obvious- 
ly is not a proper procedure. 

Sterilization is commonly carried out by 
mechanical filtration, by means of chemicals, 
or through the use of heat 


STERILIZATION BY MECHANICAL FILTRATION 


According to Parke, Davis & Company,"® 
the overheating (above 120°C.) of epineph- 
rine chloride for more than 20 minutes 
results in a breakdown of the epinephrine 
making it ineffective, hence the bacterial 
filtration method of sterilization is employed. 
The solution is passed through sterile filter- 
ing candles of the Berkefeld type. These 
special filters, the maximum pore having a 
radius of 0.85 micron, remove even the most 
minute bacteria and have an additional ad- 
vantage in that they can be easily sterilized 
by heating until red hot. 

Immediately after filtration, the solution 
is tested for sterility as a check on the 
process. This method, specifically indicated 
for solutions which will not stand heat or 
chemical sterilization, is obviously too de- 


*From the Departments of Ophthalmology and 
Pharmacology, The University of Nebraska Col- 
lege of Medicine. 


Nebraska 


tailed and technical for the average hospital 
to carry out. 


STERILIZATION BY CHEMICALS 


Numerous preservatives and antiseptics 


are used in ophthalmic solutions, Boric acid 
retards the growth of microorganisms but 
rarely destroys pathogenic bacteria, Hasler’ 
recommends the use of the ester derivatives 
of benzoic acid. These esters in combination, 
65 parts Nipagin-m and 35 parts Nipasol-m, 
are nontoxic and nonirritating to the eye, 
kill Staphylococcus aureus in 24 hours, and 
prevent growth of fungi. Chlorobutanol, 
camphor, and menthol are also frequently 
employed as preservatives. 

McPherson and Wood" have shown that 
benzalkonium chloride (zephiran) in a con 
centration of 1:5,000 maintains the sterility 
of ophthalmic solutions for at least two 
weeks. Staphylococcus aureus, Escherichia 


coli, and Bacillus pyocyaneus were intro- 
duced into this 1 :5,000 solution, and none of 
the organisms survived after two minutes. 

Benzalkonium chloride is stable and long 
acting even after high dilution with tears 
and is unaffected by freezing or boiling. It 
is compatible with most drugs, but there are 
exceptions, among those being silver nitrate, 
sulfathiazole sodium, pilocarpine nitrate, and 
physostigmine salicylate. 

The widely used buffers of Gifford and 
Smith*® are incompatible with benzalkonium 
chloride but the monobasic potassium phos 
phate and dibasic sodium phosphate buffer 
of Arrigoni and Tozer’ is compatible, as is 
the sodium acid phosphate and disodium 
phosphate buffer of Hind and Goyan.™ 

Recently Hughson” reported on the use of 
alkyl dimethyl benzyl ammonium chloride 
(zephiran) for maintaining the sterility of 
solutions. He concluded that zephiran 
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chloride in a concentration of 1:5,000, used 
as a vehicle for atropine sulfate, physostig 
mine sulfate (the salicylate ts incompatible), 
hydrochloride, and tetracame 


the sterility of 


pilocarpine 
hydrochloride, preserves 
these drugs for as long as 19 days 

The toxicity of this chemical agent was 
ascertained by replacing the aqueous of rab 
bits’ eves with zephiran chloride 1 :3,000 
1:6,000, 1:7,500. The 1:3,000) and the 
1 6,000 concentrations produced an endo 
thelial edema which disappeared in from 6 to 
8 weeks. The 1:7,500 concentration pro 
duced no slitlamp evidence of damage 

Swan,”” however, found that the myection 
of zephiran, in a concentration of 0.025 
percent (124,000) to 0.050 
(1:2,000), into the 


eyes of albino rabbits resulted im a violent 


p reent 


anterior chambers ot 


reaction. Biomicroscopy revealed a swollen, 
gray corneal endothelium, and, im some in 
stances, vesicles were observed to form and 


rupture leaving Descemet’s membrane ex 


posed 

Engorgement of the iris vessels and 
edema of the iris stroma occurred, but lens 
opacities did not develop. The acute inflam 
matory process subsided in a few days, and, 
in several instances, degeneration sec 
ondary glaucoma occurred. The cornea sel 
dom returned to normal, and, in many tn 
stances, became opaque and vascularized 
Swan concluded that a wetting agent such as 
zephiran injected into the anterior chamber 
concentrations produced 


even 


Violent reactions 


OMMENT 


Inasmuch as benzalkonium chloride might 
be accidentally introduced into the anterior 
chamber of the eve at the time of surgery, 
differences of 


opinion and of experimet t il ‘ vice mee as to 


and because there exist 


its toxicity, ois believed that the sterihiza 


tion of drugs to be used at the time of intra 


ocular surgery should be brought about 


when possible by means othe t than 


chemicals 


STANLEY M 


PRUHLSEN 


STERILIZATION BY HEAT 


Sterilization by means of heat may be 
carried out by tyndallization, bothng, or 


autoclaving 


TYNDALLIZATION 


Davis’ states that atropine sulfate and 


physostigmine salicylate, due to their in- 


stability, should be tyndallized, that 1s, 
heated to 


cessive days, Coulthard® believes that heating 


for one hour for three suc 
epinephrine chloride to 80°C. for one hour 
is sufficient to sterilize the solution. 


Questionnaires were sent to the me mbers 
of the Section on Ophthalmology of the 
American Medical Association and, as tabu- 
lated in the results, 75 percent of those cir- 
cularized reported* that they felt that boiling 
did not affect the anesthetic properties of 
cocaine. Several clinicians were asked to 
compare the effects of boiled and unboiled 
solutions of cocaine and reported no differ 
ence in their anesthetic power. They be 
lieved, however, that repeated boiling or 
steam sterilization caused a diminution of 
cocaine content which decreased the activity 
of the solution 

Regnier, Liot, and David'’ found that a 
solution of cocaine hydrochloride, sterilized 
at 100°C. and preserved during a period of 
several months, lost only a small part of its 
anesthetic value and gave results comparable 
to a freshly heated solution 

Nordlow,"' 
ments, using a two-percent aqueous solution 
heated 5 to 10 


in carefully controlled experi 
of cocaine hydrochlorid 
times for 20 minutes by boiling, and testing 
the anesthetic effect on human corneas with 
von Frey hairs, found no lessening of the 
anesthetic ettect. 

Regnier and David,’ however, reported 
that cocaine hydrochloride heated one hour 
at 100°C. lost 100 percent of its anesthetic 
power 

The evidence regarding the ability of co- 


caine to withstand boiling ts theretore con- 
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flicting and inconclusive. It does seem, how- 
ever, that cocaine can be boiled for a short 
time without affecting its anesthetic power 


AUTOCLAVING 


Skolaut™* states that the autoclaving of 
drugs in rubber-capped vials is slow and 
tedious and the temperature of autoclaving 
causes marked deterioration if alkaloid salts 
are present. 

Davis’ found that pilocarpine nitrate can 
stand 10 pounds of pressure for 30 minutes 
without change. Of the anesthetics, Braun 
cites Reclus as stating that Herissey found 
that cocaine in aqueous solution could with 
stand a temperature of 115°C. to 120°C. 
without change. It was not mentioned, how 
ever, how often or for how long cocaine 
could withstand this means of sterilization 

Regnier and David" strongly buffered a 
one-percent cocaine solution of a pH clos 
to 8.2, autoclaved it at 115 to 120 pounds 
for 15 minutes, and then tried the anesthetic 
effect of the cocaine on the corneas of 
rabbits. The results showed that a strongly 
buffered solution of cocaine lost almost its 
entire anesthetic effect, through autoclaving. 

Wilmer and Paton® found that ponto 


caine ( tetracaine hydrochloride ) could be 


autoclaved for 15 minutes at 15 pounds 
without altering its anesthetic effect. 

Nothwithstanding the assumption that 
alkaloids such as atropine and cocaine do 
not tolerate autoclaving, Clevenger’ states 
that, at the New York Eve and Ear In 
firmary, eye solutions are carefully filtered 
into stock bottles and are covered with a 
circle of muslin glacine paper and a heavy 
paper cup and then sterilized by autoclaving 
for 10 minutes under 10 pounds of pressure. 
She failed to state which drugs could be 
autoclaved and which could not, or how 
often autoclavable drugs could be resterilized 
without lessening their action 

Stallard’® autoclaves tetracaine, atropine, 
and cocaine at a temperature of 110°C. with 
a pressure of 7% pounds per square inch 
for 30 minutes. He does not say how often 


these drugs may be autoclaved without los- 
ing their effectiveness. Stallard does, how- 
ever, remark that physostigmine is unstable 
and cannot be autoclaved due to oxidation 
and must be prepared aseptically by placing 
the solutions in bottles which have been 
recently autoclaved. 

Our interest was drawn to a paper by 
Haffly and Jensen® who outlined a method 
of maintaining the sterility of ophthalmic 
solutions by means of autoclaving ophthal- 
mic drugs in rubber-stoppered serum bottles. 
They did not report what effect the heat 
had on the drugs. A series of experiments 
were, therefore, undertaken to ascertain 
which drugs commonly employed at the 
time of intraocular surgery could be auto- 
claved without greatly disturbing — their 
properties, and how often the process of 
autoclaving could be carried out without 
appreciably altering the effect of the drug. 


THE PREPARATION OF AN 
OPHTHALMIC SOLUTION 


In preparing a solution for use in the 
eye, physiologic activity, irritability, stability, 
penetrating power, buffers, isotonicity, com 
patibility, and the ability to withstand sterili- 
zation and remain sterile are factors that 


must be considered. 


PHYSIOLOGIC ACTIVITY 


The physiologic activity of a solution ts 
dependent upon the concentration of free 
base present. The relative concentration of 
free base is increased by rendering a solu- 
tion more alkaline and decreased by creating 
a more acid medium. Most alkaloids have an 
optimum activity at a pH of from 7.0 to 8.0 


with 7.6 being the average for most. 


IRRITABILITY 


A high concentration of free base is 
usually intensely irritating to the eye, The 
irritation induced may be ameliorated by 
decreasing, at the sacrifice of some physio- 
logic activity, the amount of free base 
present, This is done by lowering the pH 
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of the solution. The range of comfort of an 
eye preparation resides within a pH range 
of 65 to 78, the tears having a pH of 7.4. 
Another means of reducing irritation is by 
controlling the osmotic pressure. The eye 
can tolerate, without apparent discomfort, 
a wide range of osmotic pressure when the 
pH is controlled. Conversely, the same is 
true with a wide range of pH, provided the 
osmotic pressure is regulated 


STABILITY 


Aqueous solutions of the acid salts of 
physiologically active bases are most stable 
when at a pH of 2.0 to 3.0. Alkaloidal salts, 
at an optimum activity of pH 7.0 or above, 
lose from one half to all of their activity in 
about one month, Atropine (0.5 percent) at 
a pH of 8.3 loses 44 percent in 30 days.” 
It follows that a compromise between chemi- 
cal stability and physiologic activity must be 
effected. If a solution is to be kept for sev- 
eral weeks, it is necessary to sacrifice maxt- 
mum activity to obtain stability. On the 
other hand, if the solution is to be used 
immediately or stored in sealed chemical 
inactive containers, attention to stability be 


comes secondary. 


PENETRATING POWER 


The absorption of a drug may be enhanced 
by increasing the permeability of the cornea 
his is a complex process influenced by the 
molecular structure and physical properties 
of the drug as well as the physical properties 
of the vehicle. Of special importance is the 
degree of affinity the drug has for the ve 
hicle. Wetting agents act by decreasing the 
surface tension of the cornea, thus inducing 
more rapid penetration of the drug Tears 
The 
tension of water is 72.75 dynes per centt- 
meter 1:1,000 solution of 


benzalkonium is 39.09 dynes per centimeter. 


ire a natural wetting agent surface 


while that of a 
This drug, therefore, has an excellent 
wetting property and is often used for that 


purpose as also are the aerosols and the 
duponals. All, however, have toxic properties 


MORRISON AND STANLEY M. TRUHLSEN 


and must be used with a certain degree of 
caution. The absorption of a drug is also 
influenced by the pH of the excipient; for 
example, the absorption of atropine (1 per 
cent) is increased by three times when the 
pH is increased from 4.4 to 7.5. Gifford and 
Smith* found by clinical tests that, although 
Fisher had reported that pilocarpine is best 
absorbed at a pH of 4.0 to 5.0, the effect on 
the iris of pilocarpine is greater in an alka 
line than in an acid medium. 


BUFFERS 


The pH of a solution is determined and 
maintained by buffering. Hind and Goyan" 
modified Sorensen’s phosphate buffer sys 
tem by proportioning sodium acid phosphate 
and disodium phosphate so as to obtain a 
buffer range of 5.8 to 8.0 pH with a maxi 
mum buffer capacity at pH 6.7, This stable 
buffer system is so adjusted as to be tsotomc 
to physiologic saline and contains no tons 
foreign to the eye. It is, however, chemically 
incompatible with zinc salts. 

The buffers of Gifford and Smith* may be 
employed to give a rather wide range of pH 
depending upon the mixture of solutions. 
There is a marked tendency, in the buffer 
mixtures with a pH below 8.0, for the solu 
tion to become more alkaline upon standing 
due to the solution giving off more carbon 
dioxide than it absorbs."' 


[SOTONICITY 


In the development of an efficient ophthal 
mic solution, the osmotic pressure must be 
recognized as an important factor. To 
achieve isotonicity, the tears and solution 
must have the same osmotic pressure and 
identical freezing points. Hind and Goyan"’ 
have found that, in a series of contact lens 
solutions with optimum wearing qualities 
the freezing point of 0.54°C. is approxi 
mately that of 
further state that there is little valid evi 
dence to support the belief that a 1.4-percent 


physiologic saline. They 


solution of sodium chloride is isotonic with 
lacrimal fluid. They cite Krough and others 
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as having recently published the value of 
0.90-percent sodium chloride as the osmotic 
concentration of lacrimal fluid. The eye may 
well tolerate 0.5 to 2-percent concentration 
and, therefore, for all practical purposes the 
osmotic factor must be maintained only 
within reasonable physiologic limits. 

The four buffer solutions of Gifford and 
Smith* happen to approach fairly near to 
isotonicity as does that of Hind and Goyan.™ 
Exact isotonicity, if desired, can be created 
by referring to Nicola’s tables.** These indi- 
cate the proper amount of sodium chloride 
to add to create isotonicity. 


THE IDEAL SOLUTION 


The ideal ophthalmic solution should be: 
(1) Free and remain free of microorganisms 
for a reasonable length of time, (2) nonirri- 
tating, (3) of optimum physiologic activity, 
(4) stable, (5) of low toxicity, (6) of low 
surface tension or of high wetting power, 
(7) sterilizable, (8) compatible, and (9) of 
low cost. 


PROCEDURE 


In preparing the various solutions, an 
attempt was made to include as many factors 
of an ideal ophthalmic solution as possible. 
Desiring buffered, highly active, and mildly 
antiseptic solutions, they were prepared ac- 
cording to the Gifford and 
Smith.’ An acid buffer solution was made of 
anhydrous boric acid (12.4 gm.) and anhy- 
drous potassium chloride (7.4 gm.) in 
1,000 cc. of distilled water. The drug to be 
tested was then dissolved in the acid buffer 
alkaline buffer was 
then prepared by dissolving 21.2 gm. of 


formula of 


solution. An solution 


anhydrous sodium carbonate in 1,000 cc. of 


distilled water. This latter solution was 
added to the acid buffer solution containing 
the drug until the desired pH was attained. 
The pH of each was accurately determined 
by means of a Beckman pH meter. One 
ounce of the prepared eye drops was then 
filtered into a 30 cc. Kimble No. 15,105 


Neutraglass Serum Bottle,* the most re- 


sistant glass bottle available. This glass in- 
duces a change of less than 0.5 pH units in 
distilled water after being autoclaved at 
121°C. for 30 minutes. 

After the initial control tests were made 
using the freshly prepared and buffered so- 
lutions, the bottles were stoppered with 
rubber serum bottle stoppers and autoclaved 
for 15 minutes at 15 pounds pressure per 
square inch. A hypodermic needle was in- 
serted into the stopper during the auto- 
claving to prevent a change in pressure 
within the bottle during the process. The 
pressure and temperature of the autoclave 
were slowly brought down over a period of 
10 to 15 minutes following the autoclaving 
to prevent ebullition with consequent con- 
centration of the solution. Each subsequent 
autoclaving was carried out in a similar 
manner, 

Before each experimental procedure, the 
top of the stopper 
swabbed with 1 :1,000 zephiran chloride solu- 
tion. The desired amount of solution was 
withdrawn through a needle into a 0.25 ce. 
tuberculin syringe. The needle was then re- 
moved from the syringe and, with the pa- 
tient in the recumbent position and the eye- 
lids separated, the drops were placed on the 
cornea. 

In order to test the physiologic activity 
of the anesthetic solution, a von Frey’s hair 
was constructed somewhat after the method 
of Bellows.* To do this a straight length of 
4-0 horsehair was cemented to the end of a 
six-inch glass rod at an angle of 110 de- 
grees. To determine the strength of the hair 


serum-bottle was 


the glass rod was placed in a ring-stand 
clamp so that the hair was perpendicular to 
and just touching the pan of a balance. The 
hair was then adjusted in length so that 
when a 200-mg. weight was placed on the 
opposite pan a barely perceptible bowing of 
the hair was noted. With this hair a con- 
stant stimulus could be produced. 


*Glasco Products Co., 111 North Canal Street, 
Chicago 6, Illinois. 
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ANESTHETICS 


TETRACAINE HYDROCHLORIDE 


The patients used in testing tetracaine 
hydrochloride were 11 female nurses vary 
ing in age from 1% to 26 years and one male 
medical student, aged 22 years. With the 
patient in the recumbent position, the cornea 
was touched with the hair in five places 
(centrally and in the superior and inferior 
nasal and temporal quadrants) to test the 
corneal sensitivity. No attempt was made to 
test either bulbar or palpebral conjunctival 
sensitivity 

Two minims of a 0.5-percent tetracaine 
hydrochloride solution buffered to a pH of 
5.1 were then placed on the cornea, A pH 
of 5.1 was chosen as that is the pH of the 
product, hydro- 
chloride, of Winthrop-Stearn Company. 
There was no reference found in the litera 


commercial pontocaine 


ture indicating the pH at which tetracaine 1s 
best absorbed through the cornea. 

The cornea was subsequently tested at the 
five indicated points after 30 seconds, one 
minute, and at periods of one minute there 
after. The von Frey's hair was brought 
down perpendicular to the cornea until the 
slightest perceptible bowing was noticed. 
The testing was continued until a stimulus 


was felt in one of the five t sted areas. 


COCAINE HYDROCILLORIDE 


lwelve female nurses were used to test 
the four-percent solution of cocaine hydro 
chloride which was buffered to a pH of 6.0 
according to Gifford and Smith The same 
procedure was used in testing cocaine 
hydrochloride as in testing tetracaine hydro 
chloride. 


MiorTk s 


PILOCARPINE HYDROCHLORIDE 

To test irpine hydrochloride, 11 fe 
male nurses were used, aged 19 to 26 
years, All tests were carrie d out in the same 
medium-lighted room having two windows. 
No direct sunlight entered the room, The 


pupillary diameters of both eyes were meas- 
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ured and then, with the patient reclining, 
one minim of one-percent pilocarpine hydro- 
chloride adjusted to a pH of 7.6 after Gif- 
ford and Smith was placed in one eye. 
Fisher found that pilocarpine was better 
absorbed at a pH of 4.0 to 5.0 but Gifford 
and Smith* presented evidence to the con- 
trary. The pupillary measurements of each 
eye were again taken after 15 minutes and 
30 minutes, 

Early in the testings, measurements of 
accommodation by an accommodation rule 
were attempted, but due to the wide varia- 
tion in the results they were considered too 
unreliable to use. 


PHYSOSTIGMINE SALICYLATE 


The physostigmine tests were carried out 
under the same circumstances and on the 
same subjects as was pilocarpine. One minim 
of physostigmine buffered to a pH of 7.6 
according to Gifford and Smith was placed 
on the cornea and measurements made at 


the same time intervals as for pilocarpine. 


EPINEPHRINE CHLORIDE 

Tests using epinephrine chloride were 
planned but due to its marked instability as 
indicated by the manufacturer, experiments 


were not carried out. 


CYCLOPLEGK 


ATROPINE SULFATE 


Atropine sulfate was prepared as out 
lined above in a one-percent solution and 
buffered to a pH to 7.6, Six rabbits were 
used for testing purposes, three males and 
three females. 

In addition, tests were carried out on 
human subjects; six female nurses were 
selected, aged 19 to 27 years. 


EXPERIMENTAL RESULTS 


TETRACAINE HYDROCHLORIDE 

Using two minims of a freshly buffered 
solution of 0.5-percent tetracaine hydro- 
chloride, adjusted to a pH of 5.1, it was 
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found that 10 of the 12 nurses tested de- 
veloped corneal anesthesia to the von Frey’s 
hair within 30 seconds and all of them 
within one minute. The average duration of 
anesthesia for the fresh solution was eight 
minutes (range 14 minutes to five minutes) 
One patient apparently blinked the solution 
out of her eye as anesthesia was never 
attained. 

After one autoclaving at 15 pounds for 
15 minutes the pH dropped to 4.7. All but 
one achieved anesthesia within 30 seconds 
and the average duration of anesthesia was 
eight minutes and 36 seconds (range 13 
minutes to four minutes). 

Following three autoclavings the pH re- 
mained at 4.7 with anesthesia again achieved 
The 


however 


in all but one case in 30 seconds. 


average duration of anesthesia 
dropped to seven minutes 45 seconds (range 
14 minutes to four minutes). 

The solution was then autoclaved three 
more times after which the pH was deter- 
mined at 4.6. Here again all but one nurse 
exhibited corneal anesthesia within 30 sec 
onds, The average length of anesthesia was 
seven minutes and 15 seconds (range 16 
minutes to two minutes). 

After three more autoclavings, making a 
total of nine, the pH was read at 4.7. The 
solution had by now taken on a yellow 
ish tinge and a slight flocculation was also 
seen. In spite of this, all corneas were 
and the 
was Six 


anesthetized within 30. seconds 


average duration of anesthesia 
minutes, 20 seconds (range 11 minutes to 
four minutes). There was no constancy of 
anesthesia at any of the five corneal points 
tested. From these findings it was concluded 
that tetracaine was only minimally 
affected by at least six autoclavings. 

After the third autoclaving, the experi- 


ment was carried out with 11 subjects in- 


very 


stead of 12 due to the fact that one was no 
longer available. 
COCAINE HYDROCHLORIDE 


Using two minims of a freshly buffered 
solution of four-percent cocaine hydro- 


chloride adjusted to a pH of 6.0, it was 
found that anesthesia to the stimulus of the 
von Frey's hair was, in most cases, attained 


within 30 seconds and in all cases was at- 
tained within one minute. The average dura- 
tion of anesthesia for the 12 subjects tested 
with the fresh solution was five minutes, 25 
seconds (range nine minutes to four 
minutes ). 

After autoclaving the solution 15 minutes 
at 15 pounds pressure, the pH dropped 
from 6.0 to 3.3, Using the same technique 
as before, it was found that eight of the 12 
subjects acquired complete anesthesia after 
30 seconds and all after one 
minute, while the average duration of anes- 


thesia was three minutes, 54 seconds (range 


attained it 


eight minutes to three minutes). 
The solution was 
time and the pH was found to be 3.05, After 


autoclaved a second 
a third autoclaving the pH dropped to 2.8 
and the solution took on a slight yellowish 
tinge. 

Using the 
was found that nine of the 12 subjects still 


thrice-autoclaved solution it 
had an anesthesia produced in 30 seconds, 
and 11 of the 12 within one minute. The 
average duration of anesthesia was three 
minutes, 20 seconds (range five minutes to 
one minute). 

It was noted that with each succeeding 
autoclaving the solution, in addition to some 
slight loss of anesthetic power, caused an 
increased amount of irritation and stinging 
For this reason it was thought that further 
autoclaving would only increase the irrita- 
tion so the cocaine hydrochloride tests were 
discontinued. 

There was no constancy in the loss or re 
turn of sensitivity at any of the five corneal 
points tested with the von Frey's hair. (It 
should be noted that there was a general 
widening of the palpebral fissure with some 
mydriasis throughout the experiment with 
cocaine. ) 

A repeated course of autoclaving with a 
fresh cocaine solution produced similar pH 
changes, 3.3 after one autoclaving, 3.0 after 
two, and 2.8 after three. 
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PILOCARPINE HYDROCHLORIDE 

Before each testing of one-percent solu- 
tion of pilocarpine hydrochloride bilateral 
pupillary measurements were taken. With 
the freshly buffered solution having a pH 
of 7.6, it was found that a marked response 
was evident within 15 to 30 minutes; 15 
minutes after administering one minim of 
the drug the pupils had constricted on an 
average of 2.95 mm. (range 5 mm. to 
1 mm.). After 30 minutes the average 
amount of constriction was 3.45 mm. (range 
5 mm. to 1.5 mm.). All subjects experienced 
a blurring of vision in the eye subjected to 
pilocarpine. The pilocarpine solution was 
then autoclaved for 15 minutes at 15 pounds 
of pressure, the pH was recorded at 7.55, 
and the procedure repeated. 

With this once-autoclaved solution, there 
was an average of 1.63 mm. constriction 
after 15 minutes (range 3 mm. to 0 mm.) 
and an average of 2.86 mm. constriction 
after 30 minutes (range 4.5 mm, to 
1.5 mm.). Only slight blurring was evident 
after one autoclaving. 

Following two more autoclavings, making 
a total of three, the pH was found to be 7.6. 
This, when administered, produced an 
average constriction of 0.86 mm. after 15 
minutes (range 2 mm. to 0 mm.) and an 
average constriction of 1.81 mm. after 30 
minutes (range 2.5 mm, and 1 mm.). 

After five autoclavings the pH was found 
to be 7.5. The potency of the drug was by 
now quite reduced so that an average con- 
striction of only 0.68 mm. was found after 
15 minutes (range 2 mm. to 0 mm.) and an 
average constriction of only 1.45 mm. after 
30 minutes (range 3 mm. to 0 mm.). No 
blurring was found after the third auto- 
claving. 

In the initial tests with pilocarpine an 
attempt was made to determine the near 
point of accommodation for each subject 
both before and after administering the 
drug. The results, however, proved too un- 
reliable to tabulate. An attempt was also 


made to follow the pupillary measurements 
for periods of 2, 4, and 6 hours, but due to 
the nurses’ professional duties, classes, and 
other interruptions, a complete record was 
not possible. 

We felt, however, that the action of the 
drug within the first 30 minutes was a good 
indication of its physiologic action and have 
drawn our conclusion from those findings. 


PHYSOSTIGMINE SALICYLATE 

The freshly prepared 0.2-percent phy- 
sostigmine-salicylate solution, buffered to a 
pH of 7.6, took on a definite pink color 
shortly after it was made. After taking the 
pupillary measurements as for pilocarpine, 
one minim of the solution was placed on the 
cornea. Fifteen minutes following its ad- 
ministration there was an average constric- 
tion of 2.72 mm. (range 4.5 mm. to 
0.9 mm.). This was increased to an average 
constriction of 3.63 mm. after 30 minutes 
(range 4.5 mm. to 2 mm.). All subjects 
complained of a great deal of blurring and 
four suffered supraorbital and temporal 
pain. As with pilocarpine, attempts were 
made for follow-up measurements but due 
to the variety of duties of the subjects a 
complete compilation was impossible. It was 
found, however, that when nine of them 
were measured 24 hours after the drug was 
instilled, there remained an average con- 
striction of 1.88 mm. (range 4 mm. to 
1 mm.). 

The physostigmine was then autoclaved 
for 15 minutes at five pounds pressure per 
square inch. The solution turned cherry red 
and had a pH of 7.66. After administering 
this solution, it was quite evident that it 
could not withstand autoclaving and retain 
its physiologic activity. Fifteen minutes 
after its administration there was an average 
pupillary constriction of only 0.35 mm. 
(range 1 mm. to 0 mm.). At the end of 30 
minutes the average constriction was only 
0.80 mm. (range 2 mm. to 0 mm.). 

One of the subjects had inadvertently 
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had a homatropine refraction 4 or 5 hours 
preceding the test and no action at all was 
produced by the physostigmine. 

Because of this marked diminution of 
activity after one autoclaving further ex- 


periments were discontinued. 


ATROPINE SULFATE 


To test the stability of atropine sulfate a 
one-percent solution was made up as indi- 
cated previously and buffered to a pH of 
7.6. Six rabbits were used for testing pur- 
poses, three males and three females. Each 
pupil was measured after which the lower 


Pupillary measurements and accommoda- 
tive ability were determined after 30 minutes, 
one hour, two hours, six hours, 24 hours, 
and 48 hours. After 30 minutes the subjects 
having the fresh solution had an average 
pupillary dilatation of 5.16 mm., while those 
having the autoclaved solution had an 
average dilatation of 4.33 mm, Only one of 
the three who received instillations of the 
fresh solution was able to accommodate suf- 
ficiently to read the test letters on the 
accommodative rule and her corrected ac- 
commodative near point decreased from 
11.2 cm. to 14.2 cm. The three nurses who 


TABLE 1 


\VERAGE INCREASE 


IN PUPILLARY DIAMETER FOLLOWING INSTILLATION OF ATROPINI 


SULFATE SOLUTIONS IN THE EYES OF SIX RABBITS 


30 min 
12 mm. 


Atropine Sulphate Solution 
? 
1.33 mm. 
1 
1 


Fresh 

\utoclaved 1 time 
\utoclaved 3 times 
A\utoclaved 5 times 
Autoclaved 8 times 


04 mm, 
.50 mm. 
1.22 mm. 


lid was drawn out and 0.3 cc. of the solution 
was placed in each cul-de-sac. This was con- 
tained in each cul-de-sac for approximately 
10 seconds. Pupillary measurements were 
made after 30 minutes, one hour, and two 
hours. The average increase in pupillary 
diameter is given in Table 1. 

The figures shown in Table 1 would seem 
to indicate that atropine sulfate withstood 
autoclaving up to eight times with relatively 
little loss of physiologic action. However, to 
substantiate these findings, tests on human 
subjects were carried out. 

Six were selected whose 


ages varied from 19 to 27 years. Preliminary 


female nurses 
pupillary measurements were determined, as 
well as the near point of accommodation. 
Following this one minim of fresh one-per- 
cent atropine-sulfate solution was put in one 
eye of each of three nurses while a solution 
that had been autoclaved six times was put 
in one eye of each of the remaining three 


nurses, 


Pupil Diameter 


1 hr. 2 hrs 

1.79 mm. 1.70 mm. 
1.27 mm 1.25 mm. 
1.54 mm 1.36 mm. 
1.68 mm 1.31 mm. 
1 1 


27 mm 22 mm. 


received the autoclaved solution had an 
average decrease in their near point of 
11.2 cm. after 30 minutes. 


At the end of an hour, the fresh solution 


still produced an average pupillary size in- 
crease of 5.16 mm. while those having the 


autoclaved solution showed a slight increase 
in their average to 4.66 mm. None of the 
six could accommodate sufficiently to be 
tested on the accommodation rule. 

Two hours and six hours following the 
instillations, the measurements remained the 
same, Twenty-four hours after instillation, 
all measurements were the same except in 
one subject who had had the autoclaved drug. 
She showed a dilatation of 
0.5 mm. All were unable to accommodate 


decrease in 


sufficiently to read the test letters on the 
accommodation rule. 

Forty-eight hours after instilling the drug, 
the pupils of two nurses who received the 
fresh solution showed a decrease in diameter 
of 0.5 mm. each. These subjects were still 


Nes 
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unable to accommodate sufficiently to read 
the test letters on the accommodation rule. 
The three nurses who received instillations 
of the autoclaved atropine showed decreases 
in their pupillary diameters of 1.0 mm., 
0.5 mm., and 1.0 mm. and one was able to 
accommodate at a distance of 21 cm 


SuM MARY 


Tetracaine hydrochloride in buffered solu- 
tion withstood repeated autoclaving both as 
to duration of anesthetic power and pH. 
The solution continued to produce effective 
results after six autoclavings, losing only 
about 10 percent of its effectiveness based 
upon duration of anesthetic properties. 
buffered 
hydrochloride causes a decrease of 
30 percent of its « ffectiveness based upon its 


One autoclaving of cocaine 


about 


shortened duration as an anesthetic, as well 
as a marked decrease in its pH, and an in 
creased subjective irritation. It was, there 
fore, believed that, while cocaine hydro 
chloride might still be used effectively after 
one autoclaving, more than that produced 
too acid a solution for its effective clinical 
use 

Pilocarpine hydrochloride lost approxi 
mately 25 percent of its effectiveness after 
one autoclaving and almost 50 percent of its 
effectiveness after two autoclavings based 
on its property of pupillary constriction. It 
is believed that one autoclaving does not 
contraindicate its use in intraocular surgery 


Physostigmine salicvlate due to its oxida 
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tion when heated does not stand autoclaving. 
This was substantiated by a very marked 
loss in its physiologic action. 

Atropine sulfate unlike other alkaloids 
appears to withstand autoclaving well. After 
six autoclavings it gave comparable results 
with fresh solutions when administered to 


rabbit and human eyes. 


CONCLUSION 


1. Most drugs employed at the time of 


intraocular surgery can be autoclaved at 
least once for 15 minutes at 15 pounds. Ex 
ceptions are epinephrine chloride and 
physostigmine salicylate. 

2. Tetracaine hydrochloride withstood 
nine autoclavings with relatively small loss 
of physiologic action or change in pH. 

3. Cocaine hydrochloride withstood one 
autoclaving with but only a partial loss of 
physiologic action and with a rather marked 
reduction in pH. 

4. Pilocarpine hydrochloride showed a 
physiologic 


constant progressive loss of 


activity with successive autoclavings but 
showed only minimal pH change. 

5. Physostigmine salicylate does not 
withstand autoclaving. 

6. Atropine sulfate retains its physiologic 
activity and pH after six autoclavings. 
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THE EFFECT OF THE LOCAL USE ‘¢ 


HOMATROPINE HYDROBROMIDE 


ON THE NORMAL ANGIOSCOTOMA* 


Marion Macponatp CAastacno, M.D. 
Hartford, Connecticut 


INTRODUCTION 


Homatropine hydrobromide is one of the 
drugs most commonly employed in ophthal- 
mology. Comparatively few studies have 
appeared on its actions other than cyclo- 
plegia and mydriasis. The following studies 
were found helpful.’* It was decided to 
study the possible effects of this drug in 
relation to changes in the angioscotoma, be- 
cause that defect has shown responses to a 


large group of therapeutic agents.** 


GENERAL PHARMACOLOGY OF HOMATROPINE 


Homatropine was first employed as a 

* From the Department of Ophthalmology of the 
Long Island College of Medicine and the Long Is- 
land College Hospital. 


cycloplegic in 1881." It is a synthetic alkaloid 
of mandelic acid and a tropine base. Homa 
tropine prevents the response of smooth 
muscle and gland cells to cholinergic im- 
pulses, The site of action is considered to be 
mainly peripheral and it prevents access of 
the cholinelike activating substance to the 
muscle cells.*°"' The circular muscle bundle 
of the iris and the circular bundle of the 
ciliary group of muscles are innervated by 
parasympathetic nerve fibers conveyed by 
way of the third nerve. Stimulation of the 
nerves to these structures, therefore, causes 
miosis and accommodation for near objects 
respectively. Homatropine, by inducing 
paralysis of the parasympathetic nerves to 
these structures, causes mydriasis and ac- 


commodation for remote objects. 
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METHODS AND MATERIALS 


Angioscotometry is the study of visual 
field defects “radiating from the blindspot 
of Mariotte and related in form to the pat- 
tern of distribution of the retinal vessel 
tree."""* These field defects are modified by 
changes in the retinal perivascular spaces 
and synaptic junctions. 

The subjects of the study were members 
of the professional staff of the Long Island 
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pupil, and the vision of each eye were meas 
ured. Then one minim of a two-percent 
saline solution was instilled at the upper 
limbus by means of eye dropper. This solu- 
tion was isotonic with a two-percent solu- 
tion of homatropine hydrobromide and was 
used as a control. The subject was not 


aware of this control. 
Twenty minutes after instillation of the 


saline solution, the blood pressure, size of 


each pupil, and vision were remeasured and 


a second angioscotoma was mapped. Then 


one minim of two-percent solution of homa- 


tropine hydrobromide was placed at the 


upper limbus of each eye according to the 


(Castagno). Showing an increase in the 
after the homatropine 


Fig. 1 
angroscotoma 
hydrobromide 


local use of 


College Hospital ranging in age from 23 to 
32 years. There was no evidence of local 
or systemic disease; no evidence or history 
of previous ocular disease could be dis 
covered on slitlamp or ophthalmoscopic ex 
amination or by questioning. Refractive er 
rors were of moderate degree and there was 
neither subjective nor objective evidence of 
eyestrain, 

The scotoma was mapped according to the 
technique advocated by Evans.'* The Evans 
plotting charts in the campimeter were 
The diameter 


direct 
used with monocular fixation 
of the spherical test object was 0.4 mm. 
the foot 


candles. The object was moved from the see- 


Iiumination on chart was 15 
ing to the blind region. The blindspot was 
first outlined and then 


arching above the fixation point was mapped. 


the angioscotoma 


PROCEDURE 


First the subject's was 


plotted. The blood pressure, size of each 


angioscotoma 


Fig. 2 (Castagno). As is also shown in Figure 


1, the increase in the angioscotoma after the local 


use of homatropine hydrobromide has obliterated 


the initial bifurcation 


technique advised by Moncreiff and Scheri 
bel."* 


This was repeated at five-minute intervals 


for a total of five minims in each eye. After 


each drop, pressure was maintained ove 


the lacrimal sacs for two minutes. The same 


angioscotomas were then remapped every 


15 minutes until no change was noted on 


three successive mappings. 


As a second control it was necessary to 


employ an artificial two-mm. pupil to find 


what effect, if any, mydriasis would have as 


a separate and distinct finding from the ac 
the 


tion of the medication in relation to 


angioscotoma. 
There the 
angioscotoma in each instance (11 eyes of 


was a dilatation of normal 
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10 subjects). In no case was the instillation 
of a two-percent saline solution associated 
with any the 
angioscotoma nor did the use of the pinhole 
pupil appear to modify the width of the de- 
fect. the lacrimal sac alone 
failed to cause any detectable change in the 


detectable effect on normal 


Pressure on 


normal angioscotoma. No change was attri- 
butable to the pH of the solution instilled. 
There was no effect on the angioscotoma of 
one eye when the fellow eye was dilated 
with homatropine. No significant change 
occurred in either the blood pressure or 
pulse with the use of this drug. Therefore, 
it seems reasonable to assume that the results 
as indicated on the charts and graph were 
not influenced by these factors. 
DIscUSSION 

Homatropine placed in contact with the 

cornea diffuses into the anterior chamber. 


Duke-Elder states that 
transcorneal and not an absorption through 


the transference is 


the perilimbal blood vessels, since such dif- 
fusion occurs even when the limbus and con- 
junctiva are protected.’® In discussing atro- 
pine which is similar, although more pro- 
longed in its action than homatropine, Duke- 
Elder states that it “dilates the intraocular 


capillaries increasing their permeability; so 
far as the vessels to the anterior segment 
of the uveal tract are concerned, it tends to 
increase the blood flow since the relaxation 
of the ciliary muscle through the substance 
of which the ciliary arteries run removes 
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Fig. 3 (Castagno). Average increase in scotoma 
units in 11 eyes after the local instillation of homa- 
tropine. 


TABLE 1 
RESULTS OBTAINED IN STUDY OF EFFECT OF HOMATROPINE HYDROBROMIDE ON NORMAL ANGIOSCOTOMA 


\. CHART OF AVERAGE OF RESULTS 


Initial 
Scotoma 
Units 


Number 
ot Eyes 


11 19.4 


B. CHART OF TYPICAL CASE 


Time of Instillation 


Initial 
Saline 
Homatropine started 


7 mm. 
8 mm. 
8 mm. 
8 mm. 
8 mm. 
8 mm. 


Size of Pupil 


3 mm. 
3 mm. 


Scotoma Units at (in hours) 
3 


4.9 


Blood Pressure 
(in mm. Hg) 


Scotoma 
Units 
110/78 
110/78 


108/74 
108/74 
110/74 
110/76 
110/76 
110/76 


3 
¢ 
* 
2 
” 
4 z 
3 
« 
25.5 29.8 34.7 
7:00 
7:25 
7:45 
8:30 25 
9:05 25 : 
9:35 40 
10:00 40 
10:20 40 
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any constriction to their lumen. At the 
same time the absence of any traction on the 


choroid allows the vessels of this venous 
reservoir to collapse, thus tending to en- 
courage stasis. The combined effect thus 
favors engorgement.”"* 

According to Duke-Elder’s observations, 
therefore, homatropine causes a dilatation 
of the minute intraocular vessels. Is the 
dilatation of the intraocular vessels alone 
enough to explain the enlargement of the 
angioscotoma? In Cases 1 and 2 presented 
here, the bifurcation of the superior angio- 
scotoma is visible at the first plotting. After 
homatropine was instilled, the angioscotoma 
gradually enlarged until the bifurcation 
could not be plotted. No comparable dilata- 
tion of the blood vessels in the fundus could 
be seen, The dilitation of the angioscotoma 
after homatropine must be a combination of 
the dilatation of the blood vessels and the 
consequent damming of fluid in the peri- 


vascular space with edema of the synapse 
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causing a loss of function of the correspond- 
ing rods and cones. 


CONCLUSIONS 


In this series of 11 eyes in 10 subjects, 
the use of a two-percent solution of homa- 
tropine hydrobromide instilled locally in the 
conjunctival sac was apparently associated 
with a measurable increase in the area of 
the angioscotoma studied. No consistent 
change in the blood pressure or pulse was 
noted during the period of study. 

Therefore, it seems reasonable to con- 
clude that conjunctival instillation of two- 
percent homatropine-hydrobromide solution 
produces a change of the angioscotoma, In 
view of this fact, routine angioscotometry 
should not be done after the administration 
of homatropine hydrobromide. 

215 Washington Street. 
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THE HEREDODEGENERATION OF THE MACULA LUTEA* 


DIAGNOSTIC AND DIFFERENTIAL DIAGNOSTIC CONSIDERATIONS AND A 
HISTOPATHOLOGIC REPORT 


Bertua A. Kuren, M.D. 


Chicago, 


The heredodegeneration of the macula 
lutea occupies a special place among the 
primary tapetoretinal degenerations. It was 
the last member of this group to be recog- 
nized as a definite clinical entity, and it 
seemingly poses more differential diagnostic 
problems than any of the others. 

A brief explanation of the origin of the 
term “tapetoretinal” degeneration may not 
be superfluous. The pioneer investigators of 
ocular anatomy, histology, and pathology 
gave Latin names to most of their discover- 
ies, hoping to create a common ground for 
international understanding. Thus the pig- 
mented epithelium of the retina was also 
called “tapetum (black carpet, 
black layer), a term by which no reference 
was intended to the tapetum lucidum occur- 


” 
nigrum 


ing only in animals. The tapetum lucidum, 
located just outside of the choriocapillaris, 
consists of cellular layers (tapetum celluo- 
sum ) in the Carnivora, and of fibrillary layers 
(tapetum fibrosum) in the Herbivora. The 
pigmented epithelium of the retina lacks pig- 
ment over it, permitting the light to fall 
directly upon it and be reflected. These con- 
ditions do not exist in man. When Leber 
created the expression “tapetoretinal” degen- 
eration for the group of primary lesions of 
the neuroepithelium (rods or cones) with 
pigmentary degeneration, which have since 
been known under this heading, he used the 
simple and descriptive term tapetum nigrum 
as its basis, thus including in a single group 
all primary retinal degenerations, definitely 
known as such, 
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Ophthalmology, 
School, June, 


Department of 
University Medical 


*From the 
Northwestern 
1949 


Illinois 


characteristics of the heredodegeneration of 
the macula prior to the discussion of the 
histopathologic findings will facilitate the 
interpretation and correlation of both. 

In 1920 Behr’ surveyed the maze of per- 
tinent cases individually reported in the 
literature, and pointed out that this heredi- 
tary or familial disease has a tendency to 
appear at the crucial times of body develop- 
ment ; that is, second dentition, puberty, full 
adult maturity, and incipient senile involu- 
tion. He subdivided the large group of pri- 
mary hereditary macular degeneration 
correspondingly into the infantile, juvenile, 
presenile, and senile types. He also men 
tioned a congenital type based upon Best’s* 
hereditary congenital macular affection, 
which, however, should be kept separate, at 
least for the present, because nothing is 
known about the intra-uterine events which 
lead to it. 

In the heredodegenerations of the macula, 
the pattern of development regarding tyne 
of onset, fundus picture, and rate of progress 
is usually the same in all of the affected 
members of the same family. It seems that 
these characteristics are already predeter- 


mined in the germ plasm, and that the dis- 
ease process consists of the premature death 


of a certain cell system. The duration of 
the life of a cell or cell system is determined 
by two factors; namely, the inherited “an 
lage” and the vital activity of the cells. This 
law would explain the special vulnerability 
of the macular cones, which is undoubtedly 
augmented by the increased vital activity of 
this region. Added to an inherited anlage it 
would lead to a premature exhaustion of the 
vitality of the foveomacular cones at differ 
ent ages. 
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FUNDUS PICTURES OF LESIONS 


The fundus picture of the macular lesion 
varies considerably, often depending on the 
stage of development at which the lesion 
is Observed, but several distinct forms may 
be distinguished : 

Type I is characterized by inconspicuous, 
very sharply defined, round or oval areas, 


Fig. 1 (Klien) 
macula, fundus lesion Type I, 
23 years, with corrected vision 


Juvenile heredodegeneration of 

in a woman, aged 
R.E., 0.2+1, J5 

with difficulty; L.E., 10/200, no J 

which are only slightly lighter red than the 

surrounding fundus (fig. 1) and which are 


therefore, easily overlooked unless brought 
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Fig. 2 (Klien). Senile heredodegeneration of macula, fundus lesior 
woman, aged 63 years, with corrected vision: R.F., 0.2; L.E., 0.1. 


into sharp focus during ophthalmoscopic 
observation. They usually become larger and 
spotted with yellow with advancing age, 
showing more definite pigmentary disturb- 
ances within the lesion and in the adjacent 
tissue. 

Type 11 shows round yellowish areas over 
which there is a cystoid bulging of the inter- 
nal limiting membrane. Families showing 
this picture are being studied at present by 
Harold Falls* and C, B. McFarland.‘ Falls 
stated that his impression is that this pic- 
ture is transitory and that in the later stages 
it develops the appearance described under 
the next heading. 

Type 111. A mixture of small yellowish 
areas and dustlike or coarser pigment de- 
posits is present. The lesion may be as large 
as that shown in Figure 2, or it may be 
quite small and limited to the foveal region. 
While in some cases it may be the end stage 
of the 


heading, it may have a coarse “pepper and 


lesion described under the second 


salt” appearance from the beginning. 


lype Ill, in the left eve « 
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CoMMENTS 


In old lesions of any type glistening and 
drusenlike Although 
always bilateral and of almost identical ap- 


bodies may appear. 
pearance in the two eyes, the lesion is often 
more advanced in one eye. 

The visual disturbance, which has been 
known to precede the visible changes by more 
than eight months, commonly appears to be 
out of proportion to the relatively incon- 
spicuous observable macular involvement. In 
the early stages of the disease day-blindness 
is not an infrequent subjective symptom. 

Conditions which come into consideration 
for differential diagnosis vary mainly with 
the age of the patient. In the younger age- 
group, familial colloid degeneration of the 
macula, as described by Doyne*® and Collins,* 
the nonfamilial colloid degeneration, and the 
sequelae of central angiospastic retinopathy 
may have to be ruled out. 

In Doyne’s colloid degeneration or “honey- 
comb” chorioiditis, which is also bilateral 
and hereditary, and in the nonfamilial col- 
loid degeneration, the visual acuity remains 
good in spite of the striking perifoveal in 
volvement, and declines only during the end- 
stages of the process. The course of this 
disease has, therefore, some characterictics 
which are in marked contrast to the early 
visual failure of the primary macular heredo- 
generation, which may precede the clinically 
visible lesion ( Behr,’ Stargardt*). 

The residual findings of central angiospas 
tic retinopathy may be unilateral or bilateral, 
diffuse or circumscribed. They pose a differ- 
ential diagnostic problem in regard to macu- 
lar degeneration only when they are bilateral 
and located in the macula, which is their 
site of predilection. The fundus picture then 
often résembles the macular lesion described 
as Type III. The visual acuity in these cases 
is apt to be better than might be expected 
from the appearance of the fundus lesion. 
Observation of the patient over a period of 
several years may reveal recurrences of 
angiospastic attacks, with periods of pro- 


nounced impairment of vision followed by 
some improvement, a course quite different 
from the slow and permanent deterioration 
of central vision in the heredodegenerations. 

An acute central angiospastic retinopathy 
(fig. 3) may occasionally simulate the cystic 
macular lesion described under the second 
heading (Type II). Involvement of the 
inner layers of the retina as shown in Figure 


Fig. 3 (Klien). Central angiospastic retinopathy 
Cyst in fovea resembling fundus lesion Type II in 
heredodegeneration of macula. Right eye of a man, 
aged 35 years, with corrected vision: R.E., 4/200. 


3, signs of vasomotor instability, a negative 
family history regarding tapetoretinal de- 
generation, the frequent coexistence of some 
systemic disorder, and long-term observa- 
tion, eventually lead to the correct diagnosis. 

In patients of advanced age, macular de 
generation secondary to choroidal sclerosis 
as described by Friedenwald® and Rones*® 
has to be differentiated from the heredode- 
generation, senile type. In this secondary 
retinal degeneration, choroidal sclerosis is 
frequently visible within the confines of the 
macular lesion after the pigment epithelium 
has been destroyed (fig. 4), which suggests 
the correct diagnosis. It is often associated 
with a peripapillary choroidal atrophy, in- 
dicating sclerotic processes in the circulus 


> 


vasculosus nervi optici similar to those in 
the macular region. 

Haab’s"' original presentation of the senile 
macular degeneration dealt with the primary 
type. He expressed the opinion that it was 
independent of choroidal sclerosis, but 19 
years passed before definite support of this 


Fig. 4 (Klien) 


with corrected vision 


view was obtained by a histopathologic study 
( Harms"). 


HIISTOPATHOLOGIC REPORTS IN LITERATURE 


Histopathologic reports of heredodegen- 
eration of the macula were made by Nagel," 
Harms,"* and Behr.’ The early reports are 
characterized by much discussion of the 
obvious, namely, hyalin excrescences, cal- 
cium deposits, and disturbances of the pig- 
ment epithelium. An anatomic study in 1858 
by Liebreich"* of the eye of a man, aged 26 
years, with colloid bodies in the macula has 
to be disregarded here because observations 
on the outer layers of the retina and the 
choroidal vessels were omitted from the des- 
cription of the histologic picture. 

The first indisputable histologic report of 
this condition seems to have been made by 
Nagel in 1875. The term macular degenera- 
tion was not used by him, however, and the 
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Macular degeneration secondary to choroidal sclerosis. Left eye of a man, aged 


true nature of the disease was unrecognized 
at that time. After 10 years of clinical ob 
servation, his patient died at the age of 73 
years, and he obtained both of her eyes 
for histologic study. Ophthalmoscopically, 
the macular areas were occupied by a mix- 
ture of light yellowish and pigmented areas 


73 years, 
R.E., 0.2; L.E., 5/200 


with glistening deposits. Histologically there 
was a large defect of the neuro-epithelium, 
extensive destruction of the pigment epithe 
lium, and a large number of drusen, some of 
which contained deposits of calcium carbon- 
ate, clinically visible as glistening bodies. 
The vascular portion of the choroid was 
normal. 

Harms, in 1904, was the first to make a 
histologic examination of an eye with a clini 
cally diagnosed macular degeneration, which 
occurred in a man, aged 77 years, reducing 
his vision to counting fingers at one meter. 
The histologic findings consisted of dis 
figurement, migration and clumping of the 
cells of the pigment epithelium, its detach 
ment from the lamina basalis in places by 
an albuminous coagulum, and defects in the 
neuro-epithelium. Harms was the first who 
definitely rejected alterations of the choroidal 
vessels as the basis for the lesions of retina 
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and pigment epithelium, and emphasized the 
purely retinal nature of the disease. 

The most detailed and conclusive histo- 
logic report came from Behr,’ in 1921, one 
year after his comprehensive clinical study 
and classification of the heredodegenerations 
had appeared. In Behr's specimens, the eyes 
of a man, aged 78 years, the degeneration 
was in an early stage. Antemortem a typical 
macular degeneration had been diagnosed, 
but unfortunately no description of the clini- 
cal picture had been made. 

In this case the defect in the neuro-epithe- 
lium was three times as large as that of the 
outer nuclear layer, indicating the progres- 
sion of the degeneration from the outside 
inward. In the fovea, where all the original 
cells had perished, there was a fusion of the 
internal limiting membrane with some re- 
maining cells of the inner nuclear layer, 
drawn toward the fovea, and with a few dis- 
placed nerve fibers. This new membrane was 
bulging inward, leaving a cystic space be- 
tween it and the pigment epithelium. The 
latter was beginning to show slight irregu- 
larities. The vessels of the choroid were 
normal. 

Two cases should be mentioned here to 
which publications erroneously refer as ana- 
tomic studies of heredodegeneration of the 
macula, but which do not belong to this 
group. Batten and Mayou's™ case was one 
of the cerebromacular degeneration, which 
now is recognized as primarily a lipoid dis- 
turbance, associated, for some reasons not 
yet understood, with either diffuse, or only 
macular, tapetoretinal degeneration. The sec- 
ond case, studied by Treacher Collins,* was 
a typical honeycomb degeneration (Doyne), 
whose clinical and histologic picture is 
dominated by hyalin plaques and excres- 
cences, formed, upon some stimulus, by the 
pigment epithelium, with secondary degen- 
eration of the neuro-epithelium. 


CASE REPORT 
The following histopathologic study of 
an eye with heredodegeneration of the 


macula, the fourth in the literature, can for- 
tunately be presented together with the his- 


tory of the visual failure and the description 


of the clinical picture, observed 19 months 


prior to the enucleation. 


CLINICAL FINDINGS 
E. B., a woman, aged 60 years, com- 
plained of failing vision for the past three 
years, and an this visual 
deterioration for the last 15 months. 
Corrected vision at the time of the first 


acceleration of 


examination was 0.4 in the right eye and 
10/200 in the left eye. 

The anterior segments of both eyes were 
normal, Both macular areas were occupied 
by disciform, irregularly outlined, sharply 
defined yellowish lesions which were sur- 
rounded by spots of pigment proliferations, 
and a few smaller yellowish red areas. The 
lesion in the macula of the left eye was 
larger than that in the right and measured 
Aside 


from slight retinal angiosclerosis, the eye- 


approximately one prism diopter. 


grounds appeared otherwise normal, 

Two months prior to this first examina- 
tion the patient had received X-ray therapy 
(5,000 r.) for an incipient squamous cell 
carcinoma at the inner canthus, where a thin 
scar remained. 

The patient was seen again 19 months later 
with a recurrence of the carcinoma, which, 
in the meantime, had invaded the left lids 
and orbit. The right vision had become re- 
duced during this time 0.2 + 1. The right 
macular lesion had become larger by con- 
fluence with it of several of the adjacent 
extensive 


small red areas. An 


lagophthalmic keratitis of the cornea of the 


yellowish 


left eye prevented an accurate test of the 
vision and a view of the fundus in this eye. 

The left globe was obtained by an ex- 
enteration of the left orbit and was fixed in 
formalin. 


HISTOLOGIC FINDINGS 
The eye was sectioned in a horizontal 


direction and it proved to be an unusually 
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well-preserved specimen. There was slight 
diffuse infiltration with polymorphonuclear 
leukocytes of the anterior third of the cor- 
neal stroma, most pronounced near the in- 
ferior and nasal limbus (keratitis e lagoph- 
thalmo.) Otherwise the anterior segment 
was normal. 

In the nasal periphery there was marked 
cystic degeneration of the retina and a scat- 
tering of typical senile drusen of the lamina 
basalis of the choroid. Otherwise also the 


Fig. 5 (Klien) 
pigment epithelium 
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lium was lacking within a diameter of 0.88 
mm., 0.24 mm. of this defect was nasal to 
the fovea. The fovea centralis was occupied 
by a thin striate membrane and a few nuclei 
from the inner nuclear layer, which were 
drawn down the clivus toward the bottom of 
the fovea. Just temporal to it there was a 
cystic space, which was filled with a mass of 
calcium (fig. 5), bound anteriorly by a few 
nerve fibers and inner nuclei and posteriorly 
by the lamina basalis of the choroid. Indi- 


General view of fovea and macula. Complete disappearance of neuroepithelium and 
Cavity temporal to fovea filled with calcium deposits 


Bruch’s membrane intact, 


choriocapillaris normal. Mild senile, involutionary type of sclerosis of some of the larger choroidal 


arteries 


posterior segment was normal with the ex- 
ception of the macular lesion to be de- 
scribed : 

A defect in the outer layers of the macu- 
lar retina, somewhat eccentrically placed, 
was the most striking pathologic finding. 
The neuro-epithelium was completely miss- 
ing within an area of 1.46 mm. measured 
horizontally, 0.36 mm. of which was nasal 
to the fovea. Patchy vacuolization of this 
layer was present within a diameter of 3.6 
mm. There was thinning of the outer nuclear 
layer within 1.8 mm., and complete absence 
of it within 0.84 mm. The pigment epithe- 


vidual pigment-bearing cells or small groups 
of them were lying here and there adjacent 
to this cystic space. Henle’s fiber layer was 
narrower than normal, especially on the 
temporal side. There was a recesssion of all 
the inner retinal layers from the foveal re- 
gion, and a barely noticeable reduction of 
the thickness of the individual layers. The 
thickness of the retina at the temporal edge 
of the clivus was 0.296 mm. (normal varia- 
tions 0.22 to 0.35 mm.), at the nasal edge 
of the clivus 0.32 (normal variations 0.3 
to 0.41 mm.). 

More interesting than these obvious macu- 
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lar alterations were the incipient changes in 
neuro- and pigment-epithelium of the para- 
central macular portions surrounding the 
central lesion. Defects in the unusually well- 
preserved neuro-epithelium were easily rec- 
ognized. They varied in size from 0.008 mm.., 
indicating damage to only a few cells with- 
out noticeable changes in the other nuclei, 
to sizeable holes with incipient rarefaction of 
the outer nuclear layer. 

Alterations of the pigment epithelium 
were invariably present at the site of these 
vacuoles. In some places only one pigment 
cell was leaving the continuity of the epithe- 
lium as if attempting to fill the small gap in 


Fig. 6 (Klien). Macular retina near main lesion. 
Cavity in neuro-epithelium, one cell leaves con- 
tinuity of pigment epithelium corresponding to loca- 
tion of cavity. 


the outer portion of the neuro-epithelium 
(fig. 6). Movement of the pigment epithe- 
lial cells in this direction might be propa- 
gated by the physiologic movement of the 
intracellular granules during vital activity of 
the cells. At the site of the large vacuoles, 
the alteration of the pigment epithelium con- 
sisted of a detachment comparable to a 
herniation into the space vacated by the 
neuro-epithelium. The resulting gap between 
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the detached epithelium and the lamina 
basalis was filled with either (1) proliferated 
epithelial cells forming a solid mound of pig- 
ment (fig. 7) or (2) by a pale, pinkish stain- 
ing, finely granular coagulum, giving the ap- 


Fig. 7 (Klien). Solid mound of proliferated pig- 
ment epithelial cells nasal to fovea 


pearance of a bleb (fig. 8). The pigment con- 
tent of the cells forming the bleb was often 
sparse, the cells themselves often flat and 
elongated. 

The lamina basalis of 
intact and of normal appearance everywhere. 
There were no defects or visible alterations 


the choroid was 


of the chorio-capillaris or the midsized 
choroidal vessels, There was some thicken- 
ing of the adventitia in a few of the choroidal 
arteries, such as is often found as part of 
the senile involutionary type of angioscle- 
rosis. 

There were no signs of inflammation in 
either retina or choroid in and around the 
macular lesion. 


CoMMENT 


The salient features of the histopathologic 
picture of primary macular degeneration 
are: 

1. The extensive defect of the first retinal 
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neuron, which is much larger than that of 
the second and third neuron, and slightly 
larger than that of the pigment epithelium, 
indicating the first neuron as the primary 
seat of the disease. 

2. The spotty and perhaps incomplete de- 
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lesions in several instances, and the day- 
blindness encountered in the early stages of 
the disease. The first phenomenon suggests 
the neuro-epithelium as the primary seat of 
the disease. The degeneration, although 
causing visual defects, cannot be observed 


> 


Fig. & (Klien). Bleblike detachment of pigment epithelium by serous fluid corresponding to detect m 
neuro-epithelium, rarefaction of outer nuclear layer. 


generation of this neuron af an early stage, 
as indicated by the patchy distribution of 
the degenerative process in various stages of 
development in portions of the retina im- 
mediately adjoining the main lesion. In the 
case reported here, some of these areas were 
visible clinically as small heaps of pigment 
(histologically as fig. 7), or yellowish red 
patches, obviously areas with some rarefac- 
tion of pigment, as found for instance over 
flat blebs (fig. 8). Some of these areas 
were noted in the fellow eye to have merged 
with the main lesion after the lapse of 19 
months. 

The clinical features most significant for 
the interpretation of the histologic findings 
are the early occurrence of visual disturb- 
ances, shown to have preceded visible fundus 


clinically until secondary pigment changes 
have set in. The second phenomenon (of day- 
blindness) was interpreted by Behr as a sign 
of incomplete degeneration in, nevertheless, 
severely damaged cells. According to him the 
visual substances in the inferior grade of 
neuro- and pigment epithelium become dis 
sociated in normal daylight, a process simi 
lar to that occurring in the normal retina 
after dazzling. The regenerative processes 
in these eyes are also overstimulated by mere 
daylight. In twilight dissimilation is reduced 
but assimilation is not immediately dimin- 
ished. The resulting accumulation of visual 
substances makes vision in these eyes more 
acute in reduced light. 

Detachment of the pigment epithelium by 
serous fluid, a prominent finding in the histo 
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pathologic report of primary macular de- 
generation by Harms and in the present case, 
may be encountered in a variety of condi- 
tions, In some of them, as in the case of 
angioid streaks (Klien’*), it may be due to 
chronic irritation of the choriocapillaris. In 
others it appears to be idiopathic (Mau- 
menee"’). In the primary macular degenera- 
tions it may be vicarious, produced from the 
choriocapillaris by a vacuum between pig- 
ment epithelium and Bruch’s membrane 
after the former herniates into the vacuoles 
within the neuro-epithelium. Stagnating ser- 
ous fluid is known to favor deposition of 
calcium, a possible explanation for the fre 
quently mentioned glistening deposits in old 
tapetoretinal degenerations, which histologic 
examination has shown to be calcium de- 


posits. 


SUMMARY AND CONCLUSIONS 

The primary seat of the pathologic process 
in heredodegeneration of the macula lutea 
is in the neuro-epithelium as shown by some 
histopathologic reports in the literature and 
one presented here, 

Further support is lent to this view by the 
early subjective symptoms of the disease, 
which correspond well with the early degen- 
erative changes observable histologically. 

Heredodegeneration of the macula, senile 
type, originally described by Haab as an in 
dependent disease primarily affecting the 
retina, has to be differentiated from senile 
macular degeneration secondary to marked 
choroidal angiosclerosis, a condition which 
appears to be less frequent than the primary 
degeneration. 
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THE PRINCIPLES OF SURGERY ON THE EXTRAOCULAR MUSCLES* 


Part I. FUNDAMENTAL PRINCIPLES: CHOICE OF OPERATION IN CONCOMITANT STRABISMUS: 
HorizONTAL MUSCLES 


HerMaNN M. Burtan, 


Roston, Massachusetts 


FUNDAMENTAL PRINCIPLES 


Operations on the extraocular muscles are, 
generally speaking, relatively simple. They 
do not require the dexterity necessary for 
intraocular surgery. Yet they do present 
difficulties : many an ophthalmologist prefers 
the more delicate intraocular surgery to the 
surgery on extraocular muscles. 

These difficulties are difficulties of judg 
ment. They concern such problems as when 
to operate, what muscle or muscles to tackle, 
and what type of operation to choose. The 
diagnostic examination in the office and the 
therapeutic conclusions drawn therefrom 
largely determine whether the operation will 
be a success or a failure. 

The time has long since past when affec 
tions of the ocular motility were considered 
to be purely mechanical anomalies, It is 


generally recognized that these affections 


represent a complex dysfunction of the whole 


neuromuscular system of the eyes. A rational 
treatment of heterophoria and heterotropia 
has to take this into account 

Generally speaking, the etiologic factors 
directly responsible for heterophorias and 
heterotropias are (1) innervational factors, 
(2) fusional factors, and (3) noninnerva 
tional factors. 

The innervational factors are, in cases of 
heterophorias and heterotropias, the factors 
connected with the function of accommoda 
tion, and, through accommodation, with the 
refractive error present. In paralytic strabis 
mus the innervational factors relate the im 
balance of the innervations to the various 
groups of muscles. In both concomitant and 


paralytic strabismus disturbances on various 


* Read at the meeting of the Cincinnati Ophthal 
mologic Club, October 8, 1948 
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levels of the central nervous system may be 
present. 

The fusional factors are concerned with 
the binocular coOperation of the eyes, not 
only with the presence or absence of sensory 
but with the whole and 
sensorimotor response of the patient to bin- 


fusion, sensory 
ocular stimulation. 

The noninnervational factors 
mechanical factors such as the size and at 


include 


tachment of the ocular muscles, the elastic 
predominance of one group of muscles or an 
insufhiciency of the antagonistic group; ir 
regularities in the size of the orbits or the 
globes, the volume and quality of the retro 
bulbar tissue, anomalies of the ligaments, 
and so on, 

As I have stated, a rational treatment has 
to take into account all these factors and 
must be directed against them. The examina 
tion of the patient discloses, insofar as this 
is possible, which of these factors are pre 
dominant in the individual case and deter 
mines the therapeutic course to be taken. 

We have at our disposal nonsurgical and 
surgical means to correct anomalies of the 
neuromuscular apparatus of the eyes. 

The first and foremost principle regarding 
the surgical procedures is that they can only 
change the mechanical conditions by chang 
ing the position of the globe in the orbit and 
by changing the effectiveness of the extra 
ocular muscles. But such procedures can 
never directly affect the innervations reach- 
ing the eyes. These can only be indirectly 
affected by surgery when the innervational 
and sensory conditions adapt themselves to 
the newly created anatomic and mechanical 
conditions, 

On the other hand, a change in the in 
nervational factors may well influence the 
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position of the eyes. Thus, when a child with 
accommodative covergent strabismus puts on 
glasses, the eyes may become straight. Or 
when a person with divergent strabismus 
has learned—spontaneously or by fusion 
training—how to keep his eyes straight, they 
remain so as long as the patient maintains 
the compensatory convergence effort. But 
neither glasses nor fusion training can effect 
a lasting change in the mechanical and ana- 
tomic situation of the globe. As soon as the 
special innervational conditions cease to exist 
—as when the child removes the glasses or 
when the convergence effort is relaxed—the 
faulty relative position of the eyes returns. 

These may seem trite statements, yet these 
fundamental facts are kept 
clearly in mind. By disregarding them, many 
an operation has been performed which was 


not always 


unnecessary or actually harmful, and con- 
fusion has been created as to indications and 
choice of operation. And by disregarding 
them, many a patient has been subjected to 
unduly prolonged and in the final result, 
unsatisfactory orthoptic treatment, when a 
combination of surgery and orthoptics might 
have hastened the recovery or even made a 
recovery possible, when there was none. 

To repeat then, surgery can directly in- 
fluence only the mechanical conditions—the 
effectiveness of the muscles and the position 
of the eyeballs in the orbit. Measures di- 
rected toward improving innervational condi- 
tions can only correct the position of the 
eyes to a certain extent and do not produce 
a lasting change in the mechanical condi- 
tions, 


CONCOMITANT 
MUSCLES 


OF OPERATION IN 
HoriZONTAL 


CHOICE 
STRABISMUS 


Armed with a knowledge of these funda- 
mental principles, we shall now consider the 
surgical treatment of concomitant strabis- 
mus. 

After the decision has been reached that a 
patient with concomitant strabismus should 
be operated upon, the question arises which 
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muscle or muscles should be operated upon 
and what type of operation should be per- 
formed. 

In principle there are only two types of 
the 
action of a muscle is either strengthened or 


operations on the extraocular muscles: 


weakened by the surgical intervention. The 
question of the choice of surgery can, there- 
fore, be put in this way: Should the action 
of a certain muscle be weakened or should 
the action of the antagonist be strengthened 
and how much should it be strengthened or 
weakened? In what is the 
criterion on which to base our choice of op- 


other words, 
eration ? 

There is a widespread teaching according 
to which this decision should largely be 
based on the faculty of the eyes to converge 
or diverge. A patient with either convergent 
or divergent strabismus may show normal, 
excessive, or defective convergence. If the 
eyes assume a relatively more divergent posi- 
tion for near than for distance, convergence 
is defective ; if they assume a relatively more 
divergent position for distance than for near, 
there is said to be a divergence excess, Simi- 
larly, there are said to be a convergence ex- 
cess and a divergence insufficiency. Elaborate 
tables have been constructed which advise 
what type of operation to perform in these 
different cases, taking into account also the 
magnitude of the angle of squint. 

All these rules, in the last analysis, come 
down to this: that one should not weaken 
the internal rectus muscles, if convergence is 
deficient, for fear of increasing the defi- 
ciency, but that they may be weakened, if 
convergence is normal or excessive. Simi- 
larly, if there is a divergence excess, one 
should rather weaken the external rectus 
muscles than strengthen the internal rectus 
muscles, and so on. 

I believe it to be a fallacy to base the 
choice of operation on the behavior of con- 
vergence and divergence. Remember the 
fundamental principle that operations can- 
not influence directly the innervational condi- 
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tions, Now, convergence and divergence are 
innervational factors. We are, indeed, very 
much interested in our 
patients, but not from the point of view of 


their behavior in 


surgical procedure. 

It must be remembered that the internal 
rectus muscle has a twofold action. In latero- 
version it is synergistic with the external 
rectus of the opposite eye. In convergence 
it is synergistic with the internal rectus of 
the opposite eye. The two movements, latero- 
version and convergence, are different in 
many respects, Lateroversion, as all versions, 
is a quick, tetanic movement. Convergence, 
as all vergences, is a slow shift in the tonic 
balance of the extraocular muscles 

Lateroversion and convergence have a 
different representation in the central ner- 
vous system ; they arise independently. As is 
well known, there may be a functional or 
organic paralysis of convergence in a patient 
whose lateroversions are perfectly normal. 
And it is also known that in cases of supra- 
nuclear the rectus 


muscle in which the patient is entirely un- 


paralysis of internal 
able to perform a movement of lateroversion, 
the convergence may be perfectly intact. 

The fear that a convergence insufficiency 
will be created or exaggerated by weakening 
of the action of the internal rectus muscles 
rests on the old misconception that neuro- 
muscular anomalies are caused by deficient 
“strength” of the ocular muscles themselves. 
Most ophthalmologists will today admit that 
this 1s a misconception, but it nevertheless 
crops up time and again in more or less 
disguised forms. 

\ctually, the internal rectus muscles are, 
with very few exceptions, always able to 
pertorm the necessary contraction to cause 


Witness the 
marked conver- 


the eves to converge maximally 
fact 


that even in cases of 


gence msuthciency the eveballs can never 


theless be adducted normally or even exces 
sively. What is lacking in convergence insuf- 
ficiency is the impulse, not the strength of 
the muscle. 

To be sure, if the internal rectus muscles 


are recessed behind the center of rotation 
of the eye and a mechanical paresis is cre- 
ated, convergence will suffer together with 
the action of the muscle in lateroversion. But 
to do this is in any event a mistake, no 
matter what criterion is chosen for the op- 
eration. 

A properly executed operation, irrespec- 
tive of the type, will result in a change of 
the position of the eyes in the orbit so that 
their relative position is now correct. 

Take a case of divergent strabismus. When 


the patient is rested and in good physical 


condition, he may be able to keep his eyes 
parallel for distance, and even converge 
pretty well at near for a certain length of 
time by a more or less conscious effort of 
convergence. He has trained his convergence 
which is actually quite good, even if his near 
point is somewhat remote. 

Now, if his eyes are straightened by sur- 
gery, he will not have to exert any conver- 
gence effort for distance. If he exerts the 
full effort of convergence of which he is 
capable, his near point will now be closer 
than prior to the operation and possibly even 
eEXcessive. 

Ome advantage of the operation is that he 
does not have to exert for the same visual 
distance as much convergence as prior to 
the operation. This result is achieved by 
changing the relative position of the eyes. 
Whether this was done by surgery on the 
internal or external rectus muscles is not 
essential, always assuming that there was 
no gross technical error in the operation. 

The innervational factor of 
faculty is not influenced directly by changing 


convergence 


the position of the eyes. In time the correct 
position of the eyes may exert an influence 
on the innervational factors, but this again 
is dependent on the position of the eyes, not 
on the way by which the new position was 
achieved. 

Now, if the behavior of convergence is not 
the proper criterion, on what shall we base 
the choice of the operation? The answer is 
that we should base it on the behavior of 
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the versions or the excursions of the eyeballs. 
In the vast majority of cases of concomitant 
find that the rotations are 
abnormal. In convergent strabismus the ad- 


strabismus we 


duction of the eyes is usually excessive; the 
abduction may be deficient. And we observe 
again that this excess or deficiency does not 
necessarily run parallel to an excess or de- 
ficiency of convergence. Thus there may be, 
for instance, a divergent strabismus with 
excellent convergence near point, but very 
poor adduction; or a convergent strabismus 
with enormous excess of adduction, yet de- 
ficient near point of convergence. 

The goal in the surgery on the extraocular 
muscles should be the normalization of the 
excursions of the eyes. If this is achieved, 
the angle of squint will be automatically re- 
duced. 

If there is an excess of a certain move- 
ment, the action of the muscle governing that 
movement should be weakened; if there is 


a deficiency, a strengthening of the action of 


the corresponding muscle is indicated. If 
both excess of movement in one direction and 
deficiency in the opposite direction are 
present, two muscles may be operated upon, 
weakening the stronger acting and strength- 
ening the one deficient in action. 

In the latter case some caution is, however, 
necessary. I have frequently observed, for 
instance in convergent strabismus, that there 
was a marked excess of adduction, accom- 
panied by what appeared to be a mild de- 
ficiency of abduction. After weakening the 
action of the internal rectus muscle and nor- 
malizing the adduction, the abduction also 
became normal. I explain this on the basis 
of reciprocal innervation. The excessive ac- 
rectus muscle, noted 


tion of the imternal 


preoperatively, produced by reciprocal in- 
nervation a slight deficiency of abduction 
which became automatically normalized when 
the excess of adduction was removed. 
When there is neither an excess nor a 
deficiency in the excursions of the eyes, it 
is advisable to rely on strengthening opera- 
tions rather than on weakening operations, 


since a weakening operation in such a situa- 
tion is likely to produce a postoperative de- 
ficiency of the action of the weakened muscle 
with resulting restriction in its field of action. 

In esotropia there is almost always an ex- 
cess of adduction present. The operation of 
choice is, therefore, as a rule, a recession of 
one or both internal rectus muscles to which 
a resection of the external rectus muscles 
may be added, if the angle of squint is very 
large. 

In exotropia, whether there is a deficiency 
of adduction or not, a resection of the in- 
ternal rectus muscles (with or without ad- 
vancement) is the operation of choice. To 
increase the effectiveness of the resections, 
recessions of the external rectus muscles may 
be added if the angle of squint is large. 
Recessions of these muscles alone are not 
advisable: if they are to be effective at all 
the muscles must be set so far back that they 
will produce a deficiency of abduction. 

Once the type of operation is decided upon 
the question arises: how much, in milli- 
meters, should the muscle be recessed or re- 
sected? I always have great difficulties in 
giving an answer to this question which I 
am constantly asked. 

All general rules about the dosage of 
muscle operations on the eyes are mislead- 
ing. Most physicians have a superstitious be- 
lief in figures and, more especially, in figures 
with many decimal points, The physicist and 
chemist know that the valid 
decimal points is determined by the ac- 
curacy of the method employed. Adding on 
paper a few decimal points does not make 
the results in 
spurious, pretended accuracy. 

Operations on the ocular muscles are ex- 
tremely coarse procedures. The effect of the 


number of 


method more accurate; it 


operations depends by no means only on the 
actual amount of change in the distance of 
the insertion from the limbus. It also de- 
pends on the conditions existing prior to the 
intervention, on the greater or lesser thor- 
oughness with which the muscle was freed, 
and last but not least, on the fine regulating 
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neural mechanisms which govern the move- 
ments of the eyes. 

Valid directions for the dosage of the 
operations can only be given in general 
terms. Nowhere is experience more neces- 
sary than here. 

In general, recessions are more effective 
than resections; also, their effect is more 
lasting—that is, the immediate postoperative 
result represents more or less the end result. 
It depends on how excessive the movement 
was preoperatively, how much one may re- 
cess, and how great the effect will be. The 
greater the excess, the further one may 
recess. Also, the greater the excess, the 
greater is the effect on the angle of squint. 

This fact explains why recessions of the 
internal rectus muscle are more effective than 
recessions of the external rectus muscle, 
since an excess of abduction is never any- 
where near as large as the average excess of 
adduction. In the ordinary run of cases of 
esotropia, I figure that a recession of one 
internal rectus muscle will reduce the angle 
of squint by about one half. 

The danger of all recession operations is 
that they may lead, immediately or in time, 
to an overeffect. As a result a former con- 
vergent strabismus may be transformed into 
a divergent strabismus. This is a most un- 
fortunate happening for everybody con- 
cerned, but I believe that it is avoidable. 

First of all, a muscle should never be re- 
cessed so far as to lose, for mechanical 
reasons, its power to act; that is, it should 
not be set back beyond the equatorial plane 
of the eye. On the other hand, very small 


recessions, of 1.5 or 2 mm., 


are rather point- 
less. They can only be recommended when 
one wishes temporarily to reinforce the 
effect of a resection of the antagonist. In 
general, recessions of the internal rectus of 
5 to 6 mm. are most satisfactory. 
Furthermore, I strongly advise against 
recessing both internal rectus muscles at the 
same time. In my hands this has invariably 
led to an overeffect. I am aware that there 


are excellent surgeons of experience who do 
not hesitate to recess both internal rectus 
muscles in one sitting. | must say, however, 
that I have seen quite a number of cases of 
postoperative divergence follow operations 
performed in this way by others than myself. 

The most important test as to whether a 
recession was successful or not and the surest 
safeguard against postoperative divergence 
is a check of the excursions of the eyes. If 
the adduction of the operated eye is still 
excessive, the recession was not extensive 
enough. If the adduction is deficient, this is 
always a danger sign. The patient should be 
closely watched and, if necessary, the in 
ternal rectus should be reattached closer to 
its original insertion before a disfiguring 
strabismus occurs. 

I wish to mention here briefly the contro 
versy of tenotomy versus recession. To sever 
simply the insertion of a horizontal muscle 
is today considered to be very bad practice 
indeed and entirely to be condemned. As so 
often happens, a very good point—the secur 
ing of the tendon of the muscle to the sclera 
—has been overstressed to the extent that 
essential features are overlooked. 

If the tenotomy is performed as it should 
be, by opening the conjunctiva and severing 
the tendon only at the scleral insertion with- 
out freeing the connections between the 
muscle and Tenon’s capsule, and if in addi- 
tion a safeguarding suture is placed through 
the muscle and loosely tied, permitting a 
pulling forward of the muscle if it should 
have slipped back too far, then this very 
simple operation, which requires no binocu 
lar bandage and no postoperative care to 
speak of, has to my mind a very definite 
place in the surgical armamentarium. 

I believe that it is in some respects prefer 
able to recession operations. Aside from its 
simplicity, one of the main reasons is that 
the muscle itself is not touched and that its 
sheath and all the connections with Tenon’s 
capsule remain undisturbed. This is physio 
logically very desirable. To be sure, one can 
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not graduate this operation as exactly as the 
recession operation. But the exact gradua- 
tion of the recession operations, too, is to 
my mind rather questionable, as I have 
pointed out. 

However, this does not mean that I belittle 
recession operations. Particularly when one 
operates on vertical muscles, and in com- 
bined operations on the horizontal muscles, 
they are indispensable. 

Resections are, on the whole, less effec- 
tive than recessions or tenotomies and—this 
is even more important—their effect di 
minishes in time. Approximately 4 to 6 
months after the operation, the final result 
is established. It is, therefore, desirable to 
aim at an immediate overeffect after resec- 
tion operations to obtain the desired end- 
result. This holds true particularly for opera- 
tions for divergent strabismus in which the 
internal rectus muscles are resected. Here it 
is desirable to have immediately after the 
operation on overeffect, an esotropia. This 
reduces itself very soon and the eyes become 
invariably either parallel or return to a mpre 
or less exotropic position. 

Resection operations are, in general, of no 
avail unless at least 10 to 12 mm. of the 
muscle is resected. The effect of the resec- 
tion operations can be considerably increased 
by advancing the insertion of the resected 
muscle or by combining it with a recession 
of the antagonist. 

In contradistinction to the situation in 
recessions, I believe it to be good practice to 
resect at the same session both homonymous 
muscles—that is, both internal rectus muscles 
or both external rectus muscles. In divergent 
strabismus, whether there is a deficiency of 
adduction or not, this is almost invariably 
the operation of choice and it is very effec- 
tive in alternating convergent strabismus 
without excess of adduction. 

The reason why I advocate such proced- 
ures is that I believe that the operations 
should be, insofar as possible, symmetrically 
divided between the two eyes. If too strenu- 
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ous an attempt is made to remove the angle 
of squint by operating on one eye only, fre- 
quently there are created artificial anomalies 
of the rotations. The unoperated eye retains 
its abnormal excursions. All this produces an 
imbalance of the ocular movements which 
may assume the form of an actual, if slight, 
paresis with a primary and secondary angle 
of squint. 

It is for this reason, also, that I favor 
strongly multiple operations in the majority 
of cases of concomitant strabismus. Normal 
excursions in both eyes cannot be established 
by operating on one eye only, as has just 
been pointed out. If both eyes are operated 
upon in one session, there is a real danger 
of an overeffect, particularly in convergent 
strabismus, The best scheme seems to me to 
be to operate first on the habitually nonfixat 
ing eye and some time later, after the result 
of the first operation has been established, to 
operate on the other eye. This permits one to 
determine the best procedure for the second 
operation. Occasionally a third operation 
may prove necessary. 

The disadvantage of having to give more 
than one anesthesia to the child is over- 
balanced by the advantages of the multiple 
operations. If the situation is clearly ex- 
plained to the patient or the child’s parents, 
there will hardly ever be an insuperable 
objection to this procedure. 

A word must be said now about the age 
at which a patient should be operated upon 
for concomitant strabismus. 

I think that today we are all agreed that it 
is quite unnecessary to wait until a child is 
12 or 14 years of age before operation. The 
danger of an overeffect after a lapse of years 
is nil if the operations are properly per- 
formed. Indeed, it is advisable to operate 
on the children at an early age, if a fune- 
tional cure is the goal. We all know how 
much easier it is for a younger child to 
acquire new visual habits than for an older 
one. 

After the refractive correction has been 
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worn by the child for a few months, after 
the visual acuity has been established and, 
if necessary, occlusion and other preliminary 
orthoptic procedures carried out, then it is 
time to operate. The child is by then usually 
4to 5 years of age or a little older. In 
general, | favor straightening the eyes be- 
fore the child enters the first grade, if for 
no other reason than to avoid the bad ef- 
fect which being taunted by their school- 
mates because of their eyes has on some 
sensitive children. Such taunting occasion- 
ally has a devastating effect on the whole life 
of a youngster, 

As a rule, I do not operate on a child 
under 3 to 3'% years, but there are some 
rare cases in which one may operate earlier. 
Those are cases in which the angle of con- 
vergent strabismus is very high and the 
refractive error low (usually based on in- 
veterate external rectus palsies) and the 
young mother is very unhappy about the 
appearance of her child, Children with ocu- 
lar torticollis may also be operated earlier. 

This is not the place to enter into a dis- 
cussion of the sensory reactions of a patient 
with concomitant strabismus. There is, how- 
ever, one point which I should like to make. 
It is my belief that abnormalities in the sen- 
sory reactions are the consequence, not the 
cause, of the abnormal position of the eyes. 
\ study of the binocular cooperation of a 
patient with concomitant strabismus is of 
aim at the restoration 
the 
surgery it is of little or no interest. 

It is 
retinal correspondence should be cured be- 


great interest if we 


of function, From point of view of 


often claimed that an anomalous 
fore surgery is undertaken, since there is the 
danger that the eves may return to their pre- 
operative position under the influence of the 
old anomalous correspondence. I have never 
been able to convince myself of this in all 
the cases which I have seen 

Whenever an operation was not success- 
ful, | have always found a good reason for 


it by testing the rotations which were not 


normalized. If the rotations were normal, no 
amount of anomalous correspondence has 
ever changed the position of the eyes in any 
of the cases which have come to my attention. 

I shall consider now a few specific ex- 
amples of horizontal heterotropias and make 
suggestions regarding surgery, but let me 
emphasize again that these are not hard and 
fast rules. 


A. CONVERGENT STRABISMUS 


a. Monocular with high amblyopia and 
high angle of squint, Recession of the in- 
ternal rectus combined with resection of 
the external rectus of the deviated eye are 
indicated. In these cases a maximum effect 
should be aimed at, since these eyes tend 
to return to their convergent position. If 
necessary, surgery on the fixating eye (re- 
cession of the internal rectus) may be added 
later. 

b. Monocular strabismus with amblyopia 
but good fixation of the deviated eye (vision 
20/30 to 20/70). This group comprises the 
bulk of the cases, Usually there is a marked 
excess of adduction in both eyes, frequently 
more pronounced in the deviated eye. My 
routine is to recess the internal rectus of the 
deviated eye first; if the angle of squint is 
very high (30° or over), it is advisable to 
add a resection of the external rectus. After 
this operation the adduction in the deviated 
eye should be normalized. 

Since the nonoperated eye still shows an 
excessive adduction, one finds now almost 
always in the cover test that the angle of 
squint is greater when that eye assumes fixa- 
tion. When the result of the first operation ts 
thoroughly established (that is, not before 
6 to 8 weeks), the second eye can be operated 
upon. In accordance with the findings a re- 
cession or a combined operation is per- 
formed. Finally, if only recessions have been 
done and if there is a small residue of con- 
vergent strabismus, a resection of the ex- 
ternal rectus on the deviated eye, or on both 
external rectus muscles, is added. 
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c. Alternating convergent strabismus. The 
procedures are essentially the same as in 
(b). But one finds often that in these cases 
the adduction is less excessive than in mon- 
ocular and I am, 
therefore, inclined to rely here more on the 
resection than on the The less 
marked the excess of adduction, the more 
weight is given to the resection, If there 


convergent strabismus 


recession. 


is no excess of adduction, as occasionally 
happens, I do no recession at all, even if 
the angle is rather large, but an extensive 
bilateral resection, aiming at a slight immedi- 
ate postoperative overe ffect. 


B. DIveRGENT STRABISMUS 


a. Strictly monocular (with or without 
amblyopia). Resection of one or both in- 


THE IRRITATING EFFECTS OF 


ternal rectus muscles should be combined 
with recession of the external rectus muscle 
of the deviated eye. 

b. Alternating 
Whether there is deficient adduction or not, 
the operation of choice is a bilateral resec- 
tion of the internal rectus muscles. If the 
angle of squint is large, it may be combined 
with the external rectus 
muscles, 

In general, it is more difficult to obtain a 
satisfactory end-result in exotropia than in 
esotropia. It is, therefore, advisable to pro- 
duce a slight overeffect after the operation, 
but this overeffect should be the result of 
the resections rather than the recessions. 


divergent strabismus. 


recessions of 


(To he concluded) 


MALEIC ACID AND OF MALEIC 


ANHYDRIDE UPON THE EYES OF RABBITS* 


Caries A. Winter, Pu.D., ann E. Jane BS 
Rahwey, New Jersey 


In an industrial process involving ex- 


posure of workmen to the fumes of maleic 


acid, it became of interest to ascertain 
whether such exposure might involve risk 
of irritation to the eyes. Contact with fumes 
or solutions of maleic anhydride is reported 
to have caused distressing but not serious 
symptoms in man.* Eight men were affected, 
displaying such signs and symptoms as 
painful conjunctivitis, vesicular dermatitis, 
and upper respiratory irritation with cough 

There have been no controlled experi 
ments in animals on the irritating properties 
of maleic acid or maleic anhydride, and 
there is little information in the literature 
on the toxicity of these compounds. Maleic 
acid is relatively nontoxic parenterally or by 
mouth. Dye and others' observed no effect 
on rats injected daily with maleic acid from 


the seventh to the 60th day of age with 


* From the Merck Institute for Therapeutic Re- 
search. 


doses starting at 0.5 mg. and increasing to 
2 mg. by the fourth week of age, nor on 
chick embryos given 0.05 mg. per embryo on 
the 10th day of incubation. Fitzhugh and 
Nelson? found no effect on growth of rats 
fed maleic acid at a level of 0.5 percent in 
the diet for one year, though there was some 
increase in mortality during the second year. 
When 1.0 and 1.5 percent were fed, retarda- 
tion in growth was evident after one year 
of feeding, and increased mortality after 
18 months. 


EXPERIMENTAL 


A. SoLuTions 


The effect of solutions of maleic acid and 
maleic anhydride was tested in the eyes of 
rabbits by filling the conjunctival sac of the 
right eye with solution, and allowing it to 
remain in contact with the eye for 
minutes, then allowing it to drain out. Two 


two 
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rabbits were used for testing each of the 
following solutions: maleic acid (1 percent 
and 5 percent) maleic anhydride (1 percent 
and 5 percent). 

In the animals receiving one-percent solu- 
tions, there was cloudiness of the cornea, 
hyperemia of the conjunctiva, and edema of 
the nictitating membrane within a few 
minutes after application. This condition 
lasted throughout the day, but the eyes ap- 
peared to be normal the next morning. In 
the animals to which five-percent solution 
was administered, the irritation was qualita- 
tively similar, but more intense, involved 
the iris as well as the cornea, and did not 
disappear until the sixth or seventh day. 


B. Powper 


For these tests, the material was ground 
in a mortar to a fine powder, and a minute 
amount was placed in the right eye, and 
allowed to be washed away by tears. Two 
rabbits received maleic acid, and two re- 
ceived maleic anhydride 

In all cases, there was immediate clouding 
of the cornea, The animals behaved as 
though they were in distress, so presumably 
the application was painful. 

Twenty-four hours after maleic acid, 
there was apparent sloughing of the super 
ficial layers of the cornea. After two days, 
one rabbit had a white cloudy spot about 
two mm. in diameter on the cornea, which 
did not stain with fluorescein. In all of the 
animals, edema, inflammation, and cloudi- 
ness of the cornea were present, but it was 
those 


more marked in receiving maleic 


1. Dve. W. S., Ir. Overholser, M. D., and Vinson, C. G 
stances in rats and chick embryos. Growth, 8:1, 1944 
The comparative chronic toxicities of fumaric, tartaric, 


2. Fitzhugh, ©. G., and Nelson, A. A 
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THE RATE OF OUTFLOW OF FLUID FROM THE EYE UNDER 
INCREASED PRESSURE* 


Rosert A. Moses, M.D., anp Mary Bruno, M.D. 
Baltimore, Maryland 


When a tonometer is placed upon the eye, 
the cornea is indented and the intraocular 
pressure is raised (tonometric pressure). 
If the tonometer is kept upon the eye, fluid 
is slowly expressed from the eye and the 
scale indicator falls. Friedenwald* * has de- 
termined the volume of the corneal indenta- 
tion and the tonometric pressure for each 
scale reading with each plunger load of the 
Schigtz tonometer. Thus, it is possible to 
state how much fluid has left the eye at a 
given pressure during a given time. A table 
giving the volume of the corneal indenta- 
tion and the intraocular pressure during 


tonometry corresponding to different scale 


readings and plunger loads was furnished us 
by Dr. Friedenwald. This table was derived 
from his most recent and, as yet, unpub- 
lished study on the calibration of tonometers. 
In abbreviated form his data are presented 
with his permission as Table 1 of this 
paper. 

We have attempted to measure the rela- 
tionship between pressure and rate of out- 
flow of fluid (a) in normal eyes, (b) in nor 
mal eyes treated with drugs, and (c) in 
glaucomatous eyes. 


MetTHOopD 


The subject is prepared as for ordinary 
tonometry, the eye being anesthetized with 
3 or 4 instillations of 0.5-percent ponto- 
caine. A preliminary reading is made with 
the tonometer and two minutes are allowed 
to elapse. The tonometer is then loaded with 
the desired plunger load and is replaced upon 
the eye and kept there. Readings are re- 
corded initially and every 10 seconds for a 


*From the Wilmer Ophthalmological Institute 
of The Johns Hopkins University and Hospital 
This work was supported in part by the Chalfant 
Fund. 


total of two minutes (13 readings). The 
scale readings are then translated into cor- 
neal-indentation volumes and tonometric 
pressures (table 1). The volumes are plot- 
ted against time and a line is drawn through 
the points, The 0- and 120-second ordinates 
of the line are taken as the corrected vol- 
umes. The initial corrected volume is sub- 
tracted from the final, the difference being 
the volume of fluid lost from the eye in two 
minutes. The initial and final corrected ton- 
ometric pressures are averaged, giving the 
average pressure in the eve during the time 
of measured fluid loss. 


EXAMPLE 
Subject R. A. M 


(L.E. Experiment No. 233) 


Preliminary reading (5.5 gm. wt.) = 7.0 scale units 
Compression series (7.5 gm. wt.) 


Volume 
Displacement 
(mm.") 
19.9 
199 
20.5 
21.1 
22.3 
11.0 22.3 
60 11.25 22.9 
70 11.0 22.3 
80 11.5 23.5 
90 11.75 24.2 
100 12.0 248 
110 12.0 248 
120 12.25 25.5 


Tonometer Scale 
Reading 


Time 
(seconds ) 


0 10.0 
10 10.0 
20 10.25 
30 10.50 
40 11.0 


Figure 1 is a plot of the volumes against 
time. Using the line as a correction: 


Tonometric 
Pressure 
(mm. Hg) 


Initial 32.7 
Final 2.1 


Volume 
Displacement 
(mm.") 


Difference Average 3.9 


This shows that 5.8 mm.* have left the 
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TABLE 1° 


Tonome TRIC DATA USED IN EXPE RIMENTS ON RATE OF OUTFLOW OF 


FLUID FROM E 


YES UNDER PRESSURE 


5.5 7.5 10 15 
Scale Volume Volume Volume Volume 
Reading Pressure Displaced Pressure | Displaced Pressure | Displaced Pressure Displaced 
|} mn. Hg | cu. mm mm. Hg cu. mm, mm. Hg | cu. mm. mm. Hg cu. mm, 
0.0 51.3 5.29 70.0 | 3.80 93.3 2.80 140.0 1.90 
0.5 | 48.6 5.91 66.2 4.27 88.3 3.18 132.4 | 2.18 
6.58 | 62.8 4.79 83.8 3.59 125.6 | 2.49 
1.5 | 43.8 7.28 59.7 5.344 79.7 | 4.02 191.5 2.82 
2.0 41.8 & 01 $7.0 5.93 75.9 4.49 113.9 3.18 
2.5 | 39 | 878 54.4 6.54 72.6 | 4.98 108.8 3.57 
3.0 | 38.2 9.58 | $2.1 2.29. @.5. 1. 6.88 104.2 3.99 
3.5 | %.7 10.4 50.0 | 7.88 66.6 6.06 99.9 4.43 
4.0 | 352 11.3 48.0 | 8.59 64.0 6.65 96.0 4.90 
45 | 33.9 | 12.2 | 4.2 | 9.3% 61.6 7.27 92.4 5.40 
13.2 44.5 | 10.1 59.4 7.91 89.0 5.93 
$5 | 31:5 | 4.0 | 109 $7.3 8 50 85.9 6.49 
6.0 30.4 | 15.3 41.5 11.8 55.3 9.30 &3.0 7.08 
6.5 | 29.4 16.2 40.1 12.7 53.5 10.0 80.3 7.70 
17.3 38.9 13.6 51.8 10.8 77.7 8.35 
7.5 27.6 18.4 37.7 14.6 50.2 11.6 75.3 9.04 
80 26.8 19 6 36.5 15.6 48.7 12.5 73.1 9.76 
8 26.0 20.8 35.5 | 16.6 47.3 13.3 71.0 10.5 
9.0 25.3 2.0 7.7 46.0 14.2 69.0 11.3 
9 24.6 23.3 33.5 18.8 44.7 15.3 7.1 | 12.1 
10.0 23.9 24.6 42.6 19.9 43.5 16.2 65.3 } 13.0 
10.5 23.3 26.0 31.8 ; 28.1 42.4 17.2 63.6 13.9 
11.0 22.7 27.3 31.0 | 22.3 41.3 18? 62.0 14.8 
11.5 22.2 28.7 w).2 23.5 40.3 19.3 60.4 15.8 
12.0 21.6 29.5 24.8 9 3 20.4 59.0 16.8 
12.5 21.1 31.7 28.8 26.1 38 4 21.6 57.6 17.8 
13.0 20.6 $3.2 28.1 27.5 37.5 22.7 56.3 18.9 
13.5 20.2 48 27.5 28.9 36.7 24.0 55.0 20.0 
4.0 19.7 26.9 35.9 25.2 53.8 21.1 
14.5 19 3 38.0 26.3 31.8 35.1 26.5 52.6 22.3 
15.0 18.9 19.6 25.8 33.3 44 27.8 51.5 23.6 
18.5 18.5 41.4 25.2 48 33.6 ? 50.5 24.8 
16.0 18.1 43.1 24.7 M4 33.0 0.6 49.4 26.1 
16.5 17.8 24.2 380 32.3 32.1 48.5 27.5 
17.0 17.4 46.7 23.8 39 7 31.7 33.5 47.5 28.9 
17.5 17.1 48.5 23.3 41.3 31.1 35.1 46.6 30.3 
18.0 16.8 50.4 29 43.1 30.5 6.6 45.7 31.8 
18.5 16.5 §2.3 22.5 9 44.9 33.3 
19.0 16.2 | $4.3 22.1 46.8 29.4 39.8 44.1 4.9 
19.5 15.9 56.3 21.7 48.5 22.9 41.5 43.3 6.5 
00 15.6 58 3 1.1 530.4 4 43.2 42.6 38.1 


* This table was derived from the most recent tonometri 


eye in two minutes or 2.9 mm. 


per minute, 


at an average pressure of 30.9 mm, Hg. It is 


seen that the actual 


tonometric 


pressure 


change during this time is only 3.6 mm. Hg, 


and the use of an average pressure does not 


introduce a serious error. 


\ shorter method is to use the initial and 


tinal uncorrected figures 


t procedure is usually not large 


The error of such 


It is seen from the experimental data and 


studies of Dr. Jonas S. Friedenwald. 


the graph that the exit of the fluid is not a 


process, but is somewhat variable 
in rate. In order to study this phenomenon 


more closely we photographed the meter of 


smooth 


a Mueller electronic tonometer on moving 
bromide paper (fig. 2). A diagram of the 
apparatus for this photographic recording is 
shown in Figure 3. 

The 


model, 


tonometers used one Sklar- 


certified Schistz tonometer, and two 


were: 


590 

= 

44 

al 

| 

& 

| 
| 
& 
he 
al 


OUTFLOW OF FLUID FROM EYE 


different Mueller certified Schigtz electronic 
tonometers.* 

As a rule only one determination per day 
was made on each eye investigated. Readings 
were discontinued at Scale 18 in order to 
avoid striking the lens. All readings were 
made by us. 


RESULTS 
NORMAL EYES 


130 
measurements on 63 normal eyes. Boundary 
the scatter of 
points on the graph (with the exclusion of 


Figure 4 represents the results of 


lines were drawn around 
one point) to serve as “limits of normal” for 
reference in other plots, 

Figure 5 gives the results of 21 measure- 
ments on one normal eye (the left eye of 
Subject R. A. M.), Some trials with the 15- 
gm. weight gave so rapid a rate of flow at so 


low an initial pressure that sufficient data 


Fig. 2 ( Moses and Bruno) 


M. G. B. showed less tendency to rapid flow 
rate at high pressures than the eyes of 
R. A. M. The eyes of M. G, B. also showed a 
somewhat greater scatter in results than the 
eye demonstrated in Figure 5. 


VOLUME DISPLACEMENT -CU MM. 


© 80 40 8© 6 TO 100 
TiME SECONDS 
Fig. 1 (Moses and Bruno). A plot of the 
volumes against time 


Record photographed from electronic tonometer. 


Experiment No. 271 on the right eye of Subject R. A. M. 5.5-gm. weight, pre 


liminary reading; 10-gm 
markers, 10 seconds apart 


could not be collected for computation. Simi- 
lar sets of results were obtained on three 
other eyes (R. A. M., R.E.; M. G. B., R.E., 


The measurements on the eyes of 


*V. Mueller and Co. very kindly constructed 


for us an electronic tonometer with a _ highly 
lamped indicator needle, which, we feel, greatly 
simplifies visual recording. For photographic re- 


cording the undamped indicator is more sensitive. 


weight, compression. Crescentic white lines are time 


EYES TREATED WITH DRUGS 


A brief survey of the effect of various 
drugs on the rate of flow was made on the 
two eyes most carefully studied (R. A. M., 
L..E.; M. G. B., L-E.). In Figure 6 the gen 
eral normal limits and the limits for the left 
eye of Subject R. A. M., under normal condi 
tions are both indicated. 
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ELECTRONIC TONOMETER 


Neosynephrin (10 percent). Three instil 
lations were given five minutes apart, and tions were given five minutes apart and 
measurements were made one-half hour and measurements were made 1% hours after 
one hour following instillation. The results the third instillation. No deviation of re 
are within the limits of normal. sults beyond limits of normal. 
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PHOTOGRAPHIC RECORDING OF TONOMETRY 


OF TOMOMETER 


PHANTOM VIEW 
OF CAMERA 


Fig. 3 (Moses and Bruno). A diagram of the apparatus used for 
photographic recording 


Homatropine (2 percent). Three instilla 


130 MEASUREMENTS OW 
65 EYES 
$55 ow wr 


eis 
— OF NORMAL . 


” 
AVERAGE TONOMETRIC PRESSURE HG 


Fig. 4 (Moses and Bruno). Results of 130 measurements on 63 normal eyes. 
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2! MEASUREMENTS ON 
(WORMAL EYE (R AM LE) 


— OF NORMAL 
LIMITS FOR THIS EVE 


” 
AVERAGE TONOMETRIC PRESSURE - MM HG 


Fig. 5 (Moses and Bruno). Results of 21 measurements on one normal eye 


Eserine (0.25 percent) (one eye: R. A. are well within normal limits for this eye. 


M., L.E.). Two instillations were given one Pilocarpine (2 percent). Three instilla 


half hour apart. Measurements were made tions were given five minutes apart. Meas 
2, and 4% hours after the last in urements were made one-half hour following 


at 1%, 2! 
stillation 


all 


PER MINUTE 


m the same day. The results _ the third instillation, All four measurements 


EFFECT OF ORUGS OW NORMAL EYE (RAM 
PILOCAR PINE 
NE OS TNE PHRINE 
HOMATROPINE 


OF NORMAL 
FOR THIS 
eve 


AVERAGE TOMOME TRIC PRESSURE HG 


Fig. 6 (Moses and Bruno). Effect of drugs on the rate of flow. 
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34 


Hg or lower, as measured by the standard 
tonometer and the new standard conversion 
table® (usually 5.5-gm. weight reading) at 
the time of examination, it is considered con- 
trolled. 

Thirty-two measurements were made on 


are seen to lie above the upper limit of the 


general normal range. 
The results for the left eye of Subject 
M. G. B. are similar to those illustrated. 
In addition, 14 measurements were made 
on 14 normal eyes with 2-percent homatro- 


352 MEASUREMENTS ON 25 EYES 
WITH PRIMARY GLAUCOMA 


~-35 Gu eT 


. 
e-10 * « 

A « 
UNCONTROLLED (OVER SOmM HG) 
. —— NORMAL 


EXTENTION OF LOWER NORMAL LimiT 


PER 


pine cycloplegia for refraction. Two meas- 
urements were above, 12 were within limits 


of normal, 


HiGH MYOPIA 
Three measurements were made on two 
eyes with high myopia. All three were well 


within normal limits 


Averag 
= Cu. mm. per Weight 
Pressure minute gm 
16 10 
220 359 22 10 
248 446 43 15 


(JLAUCOMA 

\ simple and arbitrary standard of control 
of glaucoma was adopt d for the purpose of 
the present analysis. It was: If a given eve 
exhibits an intraocular pressure of 30 mm. 


AVERAGE TOMOMETRIC PRESSURE - UM HG. 


Fig. 7 (Moses and Bruno). Measurements on 25 eyes with primary glaucoma. 


25 unoperated eyes with primary noncon- 


gestive glaucoma. 
Since gonioscopic observations were not 


regularly recorded on these cases, and since 


the total number is too small for elaborate 


statistical analysis, no effort was made to 


separate this group into deep- and shallow- 


angle categories. 
All of these eyes were being treated with 
s. The 


where it is 


various drugs or combinations of drug 


results are given in Figure 7, 


seen that all rates of flow are relatively low. 
All of the uncontrolled cases lie below the 
lower limit of normal or its linear extension. 
Seven of the controlled cases also lie below 
the lower limit, while 12 lie within the nor- 
mal range. 
Measurements 


were made on five eyes 


with secondary glaucoma (fig. 8). All cases 
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9 MEASUREMENTS ON DEYES 


S SECONDARY 
2 wiTH ABSOLUTE SECONDARY GLAUCOMA 
2 wiTH ABSOLUTE GL 


0 wT 


* 


PER 


UNCONTROLLED SECONDARY GLAUCOMA 
ABSOLUTE GL 

OF NORMAL 

EXTENTION OF LOWER LimiT OF NORMAL 


AVERAGE TONOME TRIC PRESSURE-wM HG 


Fig. 8 (Moses and Bruno). Measurements on five eyes with controlled secondary 
glaucoma, and four eyes with clinically diagnosed absolute glaucoma 


were uncontrolled and all showed very low 
rates of expression. 

Four measurements were made on four 
‘absolute” glau- 


eyes diagnosed clinically as 


PER 


coma (fig. 8). All showed extremely low 
rates of filtration. 

Twenty-seven measurements were made 
on 22 eyes with filtering operations for glau- 


27 MEASUREMENTS OW 22 EYES 
WITH FILTERING OPERATIONS 


UNCONTROLLED (OVER 50 HG) 

OF HORMAL 

EXTENTION OF LOWER OF HORMAL 


- 


a 


- 


AVERAGE TOMOMETRIC PRESSURE - HG 


Fig. 9 (Moses and Bruno). Measurements on eyes with filtering operations 


| 
/ 
| 
>». 
ne 
| - 
: 

3 
» 
| 
oft § | 

| 
4 
| 
3 
| 
| 
. 
e 
. 
on” 
- 
8 
8 
e 


196 


coma (fg. 9). Of the 17 controlled cases, 
four gave normal 
range. Of the 10 uncontrolled cases, all but 


measurements below 


two gave results below normal limits. Two 
eyes were too soft to measure. 


Discussion 


There are several possible sources of error 
in the procedure we have described. The 
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a direct linear relationship between the rate 
of loss of fluid from the eye and tonometric 
pressure, up to the pressure of about 47 
mm. Hg. Beyond this pressure some meas- 
urements fall into the same linear trend as 
those at lower pressures. Others show a 
marked increase in rate. 
In experiments upon animals Starling* 
well as Friedenwald and Pierce,* 


as 


+- 40 MEASUREMENTS ON 40 WORMAL EYES 
CALCULATED FROM BOCK, KRONFELD STOVE 
9 MEASUREMENTS ON GLAUCOMATOUS EYES 


from 


ow wT 
LimiTS 


EXTENSION OF LOWER NORMAL LimIT 


AVERAGE 


” 
TOMOMET Mic 


PRESSURE we HG 


a 


Fig. 10 ( Moses and Bruno). Measurements on cases reported in the literature 


ordinary tonometric errors have been clearly 
stated by Priestly Smith.* In addition to 
these we must point out that our use of the 
tonometer pushes the instrument to its me 
chanical limits, and it is, therefore, necessary 
to be certain as to the standard construction 
and perfect working order of the tonometer. 
Periodic fluctuations in scale readings may 
be considerable (fig. 2). We have attempted 
scale indications, 

of 


to use average 
rhe 


limited to that created by the 


range tonometric pressures is 
four standard 
plunger loads. In the normal eye this range 
is approximately from 27 to 55 mm. Hg. 

In reviewing the results on normal eyes it 


appears to be fairly probable that there is 


noted a rapid outflow of fluid from the eye 
at high pressures, and suggested that new 
paths of exit might be opened. An additional 
possibility is that the pressure is sufficient to 
collapse the nutrient arteries to the ciliary 
body and decrease the production of aque- 
ous, Causing an apparent increase in outflow. 

Neosynephrin, homatropine, and eserine 
showed no effect upon the measurements in 
normal eves. Pilocarpine, on the other hand, 
apparently produced an increased rate of 
outflow of fluid in our experiments. 

Most uncontrolled glaucoma cases showed 
a rate of flow below that of normal eyes, 
and, in the main, markedly below the nor 
mal. Unoperated glaucoma cases controlled 
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by miotics showed, on the average, a dimin- 
ished rate of flow but a few of these cases 
gave results within the normal range. Most 
cases of glaucoma controlled as the result of 
filtering operations gave flow rates within 
the normal range. 

Figure 10 represents a group of normal 
cases (the first 20 cases) reported by Bock, 
Kronfeld, and Stough," and a group of cases 
of glaucoma due to peripheral anterior syne- 
chias following cataract extraction, reported 
by Kronfeld and Haas.* The figures given 
by these authors were the intraocular pres- 
sures inmm, Hg as determined with a 15-gm. 
weight and a Schigtz tonometer. They em- 
ployed the same experimental technique as 
we did, leaving the tonometer upon the cor- 
nea for two minutes, and reporting the ini- 
tial and final intraocular pressures. We have 
worked their figures backward, reducing 
pressures to scale readings, and have then 
applied the scale readings to Friedenwald’s 
tables, proceeding as has been described. It 
is remarkable how well their results agree 
with ours. There is only a small shift of the 
normals to the right on the graph 

We have been unable to ascertain whether 
the fluid which has been expressed from the 
eye during our experiments is aqueous or 
blood from the uvea. The procedure has been 
completely innocuous to all eyes tested. 


SUMMARY AND CONCLUSIONS 


1. A method of measuring the outflow of 


fluid from the intact human eye under ele- 
vated pressure, using only the standard 
Schigtz tonometer and a timing device is 
described. 

2. This method may be elaborated by 
photographing the dial of a Mueller elec 
tronic tonometer, thus producing a continu- 


ous, permanent tonometric record. 
3. The rate of outflow of fluid under in- 
creased pressure in normal eyes is directly 


proportional to the pressure in a linear fash- 
ion up to a pressure level of about 47 mm. 
Hg, at which level, in some eyes, a marked 
increase in rate of outflow of fluid is ob- 
served, 

4. The effects of neosynephrin, pilocar- 
pine, eserine, and homatropine on the rate 
of outflow from normal eyes were briefly 
investigated. The only drug manifesting any 
effect was pilocarpine, which dpparently in- 
creased the rate. 

5. The rate of outflow from unoperated 
glaucomatous eyes was, in general, low; 
most controlled glaucomas gave results in 
low-normal range; most uncontrolled eyes 
gave rates distinctly lower than normal. 

6. Operated glaucomatous eyes, if con- 
trolled, produce results in normal range; if 
uncontrolled, they produce results below 
normal range 


The Johns Hopkins Hospital (5). 


We wish to thank Dr. Friedenwald for the use 
of his unpublished data, and for his guidance in 
this work 
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CRITICAL ANALYSIS OF PRECISION IN T¢ YNOMETRY 


Karis Apinis, M.D. 
Pendleton, Oregon 


The most fundamental problem in the 
vegetative physiology of the eye, as Duke- 
Elder points out in one of his recent papers, 
is the formation and elimination of the intra- 
ocular fluid and the control of the ocular ten- 
sion. 

Investigation of the physiochemical ques- 
tions of this problem has become, due to the 
latest advances and development of the tech- 
nical research methods of that branch of 
science, quite inaccessible to the ophthal- 
mologist in practice and must remain the 
domain of a pure scientist with a technically 
well-equipped laboratory 

The control of the o« ular tension, a result 
of the balange of the two vegetative func- 
tions of the eye, is equally important to both 
the scientist and the ophthalmologist. 

The scientist will fail to recognize the 
causes influencing the maintenance of a bal 
ance in the formation and elimination of the 
intraocular fluid, when he cannot depend on 
sufficient precision in the method of regis- 
tering the variations of ocular tension. 

Without such 
ophthalmologist will fail to detect the early 


a precise instrument, the 
stages of glaucoma or will be unable to ap- 
preciate the efficacy of the applied treatment. 

The device for this purpose, well known to 
every ophthalmologist, is the tonometer. 
What is missing after the many years of its 
use is a critical attitude toward its precision 


in registering the variations of ocular tension. 


L.IMITATIONS OF IMPRESSION TONOMETRY 


The impression tonometer most widely 
used in Europe is that of Schigtz; in the 
United States, the Schigtz and its modifica- 
tions. The past decades have brought an im- 
provement in the technical aspect and per- 
fection of this instrument but have left in 
the same state of imperfection its precision 
in registering the variations of ocular ten- 


sion. 
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The basic principle of an impression to- 
nometer is to produce an impression in the 
center of cornea with a metallic rod of a 
constant diameter and concavity. The weight 
of the rod changes from 5.5 to 7.5; 10.0 and 
15.0 gm. An increase of ocular tension re- 
quires the use of an accordingly greater 
weight for producing the same depth of im 
pression. 

An impression tonometer expresses, in 
reality, only the depth of the obtained im- 
pression in 0.1-mm. units. The height of ocu- 
lar tension in mm. Hg corresponding to each 
impression depth is supplied by a table of 
inversion based on experimental data fur- 
nished by Schigtz a long time ago. A critical 
study of this table points out the disadvan- 
tage of the impression tonometer. Contrary 
to the basic maxim that every measurement 
requires the use of a constant invariable 
unit of measurement, the table of inversion 
operates with exceedingly variable units. 
(Chart 1). 

The unit of measurement for the impres 
sion tonometer changes (1) for each weight 
of the impression rod used with increasing 
impression depth (maximal impression pro- 
duces the smallest obtainable unit of meas 
ure, and as the impression depth decreases 
the unit increases); (2) for each change to 
a greater weight of the impression rod. 

Even with the use of an impression rod 
of one weight, according to Schigtz an un- 
advisable procedure, an invariable unit of 
measurement of the ocular tension cannot be 
obtained. The unit of ocular tension for the 
weight 5.5 gm. is 2 mm. Hg within the im- 
pression depths from 0.6 to 1.0 mm.; 3 mm. 
Hg—from 0.5 to 0.6 mm. ; 4 mm. Hg—from 
0.3 to 0.5 mm.; 5 mm. Hg—from 0.2 to 0.3 
mm.: 6 mm. Hg—from 0.1 to 0.2 mm. ; and 
7 mm. Hg for the impression depth of 0.1 
mm. from the 0 point. The difference be- 
tween the smallest unit of measurement, 
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2 mm. Hg, and the largest of 7 mm. Hg is 
5 mm. Hg. 


These variations in ocular-tension meas- 

urement units increase with the change to 

a the next greater weight of the impression 
rod. 

Inaccuracies in impression tonometer read- 

ings are obscured because the ocular tension 

aS is expressed in mm. Hg without the used 

weight of the impression rod being men 

tioned. For example, an intraocular pressure 

of 20 mm. Hg can be the result of an appli- 

cation of 5.5-gm. weight, an impression depth 

: of 0.6 mm., the unit of measurement being 

in that case, 3 mm. Hg. The same tension 

‘ (20 mm. Hg) can be the result of the applica- 

tion of a 7.5-gm. weight and an impression 

depth of 0.8 mm., or, as another example : an 


ocular tension of 40 mm. Hg can be meas- 


ured with a weight of 7.5 gm., an impression 
depth of 0.3 mm., a unit of measurement of 
7 mm. Hg, is well as with the weight, 10.0 
gm., impression depth, 0.5 mm., measurement 
unit, 7mm. Hg. A record of the used weight 
and the depth of the obtained impression 


should never be omitted, since only these 
data reveal the precision of each measure- 


ment. 
It must also be remembered that the read 


ings of the impression tonometer are based 


. ent findings. It is possible that the ocular 

tension deduced on the basis of the impres- 

sion depth coincides with the real ocular ten- 

od sion. The possibility (proved experimen- 

tally) remains, however, that the tonometric 

readings are lower than the actual ocular 

tension. This could be overlooked if the unit 

= 5 of measurement was very small, but that 

cannot be said of the impression tonometer 

ad with an average unit of measurement of 5 
mm. Hg. 

These disadvantages, characteristic of 

fer every impression tonometer, inspired me to 

a manometric and clinical investigation of the 


use of the applanation principle in tonom- 


on the mathematical average of many differ- 


Chart 1 (Apinis). The units of measure of the Schigtz tonometer in mm. Hg 
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LIMITATIONS OF APPLANATION TONOMETRY 
The use of the applanation principle in 
tonometry permits two different procedures. 
Che amount of ocular tension can be cal- 
culated (1) by the size of the applanation 
diameter under a constant weight or (2) by 
the weight necessary to obtain an applanation 
diameter of a constant invariable size. 


Manometer 
~ 
> + r 


| 
Chart 2 ( Apinis) 


re adings and manometric 
(reading from bottom t 


The relationship of tonometric 
The weights used 
75 em. 10 


tension 
top) 5 


gm., 25 em., and 30 em 


While all the readings in the use of the 
umpression principle are based on the mathe 
matical average of experimentally found 
data, the applanation principle gives re- 
sults based on pure mathematical calcula 
Imbert, Fick, Maklakow, and others 
are convinced that by the use of the applana- 


trons 


tion principle, mathematical calculations can 
express the real ocular tension, and that the 
influence of such factors as the elasticity of 


cornea and sclera are practically negligible. 


DereTERMINATION OF OCULAR TENSION BY SIZE 


OF APPLANATION DIAMETER 


When the size of the applanation diameter 
is used to determine ocular tension, the to- 
Maklakow 
investigations on cadaver eyes in situ prove a 


fact 


nometer of is used. Manometric 


very interesting under certain condi- 
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tions, the mathematically calculated ocular 
tension coincides in reality with the mano- 
metric controlled ocular For the 
10.0 gm. weight of the Maklakow tonometer, 


tension. 


this occurs when the size of the applanation 
diameter reaches the limit of 5.6 mm. In that 
case, the tonometric ocular tension coincides 
with the actual tension of 30 mm. Hg con- 
trolled by manometer (Chart 2). 

From this point of coincidence upward, 
the difference between the tonometric and 
manometric ocular tension increases progres- 
sively, the tonometric readings being less 
than the actual ocular tension. Downward 
from this point, the tonometric readings are 
higher than the manometric-controlled ocular 
tension. 

Such an intersection of the curve of tono- 
metric readings with the manometric curve 
suggests that it might be possible to obtain 
the tonometric the 
manometric-controlled tension at 


a coincidence of with 
ocular 
every level, using a gradually increasing 
weight of the tonometer (Kalfa, Apin). 
Manometric investigations (Apin) proved 
that be obtained. 
Some examples from those studies confirm 
this. Chart 2 reveals the evidence that for 
every weight of the tonometer such a point 
with the manometric con 
trolled ocular tension can be reached. The 


such a coincidence can 


of coincidence 


intersections of the tonometric curve with 
that of manometer are given for several 
weights (Chart 2). For the weight 5.0 gm., 
the point of coincidence lies at 12 mm. Hg; 
for 7.5 gm. at 20 mm. Hg; for 10.0 gm., 
at 30 mm. Hg; for 25.0 gm., at 46 mm, Hg; 
and for 30.0 gm., at 56mm. Hg. 
Observations made during these researches 
emphasized the necessity of using an increas 
ing weight of the tonometer for an increase 
in ocular tension, The size of the applanation 
diameter should not be less than 6.0 mm. at 
tension and not 7.0 
mm. at high ocular tension. Within these 


low ocular exceed 
limits, the size of the applanation diameter 


should be gradually increased in conformity 
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with increasing ocular tension. In practice 
it is, therefore, unnecessary to use a table 
for inversion of the tonometric readings in 
mm. Hg based on experimental average find- 
ings; that can be done using data furnished 
by mathematical calculations. 


Weight (in gm) 


The inversion of the size of the applana- 
tion diameter into the corresponding mm. Hg 
of ocular tension requires an inversion table 
whose data are mathematically calculated. 
The measure units of ocular tension for 
every size of the applanation diameter and 
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Chart 3 (Apinis). The units of measure of the applanation tonometer with determination of tension 
by the size of the applanation diameter (in mm.) 


The precision of this method for the de- 
termination of ocular tension, as compared 
with that of impression tonometry, is con 
siderable. The same measure unit of 0.1 mm. 
is used to determine the size of the applana 
tion diameter. All attention during the to 
nometry can be fixed on the correct applica 
tion of the tonometer. The applanation di 
ameter obtained is always printed on paper as 
soon as the instrument is taken off the eye. 
The printed diameter can be measured later 
at ease with every devise necessary to in- 
crease accuracy. 


every used weight are shown in Chart 3. It 
is true that this method has the same disad- 
vantages of variable measure units for (1) 
every change in the size of applanation di- 
ameter for each weight and (2) every change 
to another weight for each size of the ap 
planation diameter that impression tonometry 
has. 

The actual value of this method for the de- 
termination of ocular tension lies in a con 
siderably higher precision. The variations of 
the measure units with a change of the size 
of applanation diameter are minimal and can 
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be ignored. The difference between the mini- 
mal and maximal measure units for the 
weight 5.0 gm. is only 0.1 mm. Hg; for 10.0 
gm., 0.3 mm. Hg; for 15.0 gm., 0.5 mm. Hg; 
for 20.0 gm., 0.6 mm. Hg; for 25.0 gm. and 
30.0 gm., 1.0 mm. Hg. The same differences 
for the impression tonometry are 2 mm, Hg 
for the weight 5.5 gm. and 3 mm, Hg for 
the weight 15.0 gm. 

Units of measurement for ocular tension 
in both methods, impression and applanation, 
drawn on the same scale, allow an easy com- 
parison of those different procedures, Table 
1 shows the units for the impression tonome- 
ter; Chart 3 
tonometer. The precision of applanation 


, those for the applanation 
tonometry exceeds that of impression to 
nometry many times and for scientific re 
search should be the method of choice. 


(OBTAINING AN APPLANATION DIAMETER OF 
CONSTANT SIZE 


that more exact tono- 
metric data are reached by using a progres- 


Che assumption 


sively increasing weight to produce an im- 
pression or an applanation is recognized in 
the construction of the Fick-Livschitz to- 
nometer, The standard size (6.8 mm.) of the 
applanation diameter is based on mathe- 
matical calculations that make it possible to 
double the applic d weight in order to express 
the ocular tension in mm. Hg. For example: 
a pressure on the eye with a weight of 10.0 
gm. produces the applanation diameter of 
6.8 mm. and the ocular tension in that case 
is 2X 10 = 20 mm 


tion diameter with a pressure of 


Hg; the same applana 
15.0 gm. 
gives an ocular tension of 2 X 15 =30 mm. 
Hg, and so on. 

The scale graduation of the Fick-Livschitz 
tonometer records the increase of pressure on 
the eye in steps of a 1.0-gm. weight for each 


Che unit of measurement—2 mm. Hg 


grade 
is, therefore, always constant and invari 
able. 
The application of this tonometer is very 
simple and can be done while the patient is 


seated. Its disadvantage is that the operator’s 
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attention must be divided between considera- 
tion of the size of the applanation diameter 
and the reading of the applied weight. 

The size of the applanation diameter, 6.8 
mm., must be judged with the naked eye. 
The possibility cannot be denied that a mis- 
take can be made in the appreciation of the 
actual size of the applanation diameter which 
could be 6.7 or 6.9 mm. instead of 6.8 mm. 
Such a mistake would of course, give an in- 
correct reading of the ocular tension which 
would actually be 2 mm. Hg lower or higher, 
as the case might be. 

These peculiarities of the Fick-Livschitz 
tonometer prohibit its use in precise scienti- 
fic researches, although it will remain in gen- 
eral use for recording the ocular tension in 
cases in which an error of 2 mm. Hg more 
or less is not important. 

A very slight change in procedure would, 
however, permit its use in scientific re- 
searches : the size of the applanation diameter 
actually reached should be printed on paper 
—a procedure which simplifies this tonome- 
ter’s use and increases its precision because 
the attention can be fixed on reading the 
applied weight. The size of the printed ap 
planation diameter is measured afterward 
with ease and every desired accuracy. 

This procedure also permits determination 
of the ocular tension either by (1) the ap- 
plied weight or (2) the size of applanation 
diameter. The precision of the measurement 
by the size of applanation diameter its greater 
and to be preferred. The measure unit is 
under 1 mm. Hg, if the used weight does not 
exceed 10.0 gm.; under 2 mm. Hg, if the 
weight does not exceed 20.0 gm., and 2 mm 
Hg for the weights 25.0 gm. and 30.0 gm. 

The construction of the Fick-Livschitz to- 
nometer permits an increase of the weight 
in 1.0 gm. steps. However, in determining 
ocular tension by the size of applanation di- 
ameter, the applied weights can be restricted 
to 5.0-gm. steps (5, 10, 15, 20, 25, and 30 
gm. weights). 

Chart 2, with its experimental data, shows 
that the point of coincidence between tono- 
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TABLE 1 
THE VARIATIONS OF OCULAR TENSION IN A CASE OF GLAUCOMA*® 


Right Eye | Left Eye 
Applanation Impression Applanation Impression 
Tonometer Tonometer Tonometer | Tonometer 
| 2) 5 igs 2] 2. | gs 
| Ss | 28 | ss | | | 25 sf | 
7/16/47 20 6.8 39 11 | WO] § 7 2 | 6.8 39 1.1 | 100.0 | § 7 
7/22/47 iS 6.8 31 0.9 | 7.5 5 $s | 6.7 4.4 | 000 7 
7/28/47 1S 6.9 0 0.9 7.5 5 s | 45 64 3s | 1.1 | 100.0 | 6 4 
9/ 4/47 2» 6.6 41 1.3 | 0.0 | 5 7 20 6.9 38 1.1 | 10.0 s 7 
9/11/47 |} 2 | 6.8 99 | 1.1 0.0 | 5 7 | 20 6.9 38 1.1 | 10.0 s 7 
| 20 | 69 | 38 | | 7 | | oe | 6 | 4 
9/13/47 20 6.7 | 1.1 00.0 | | 7 is 6.5 | 610.0 6 4 
9/14/47 | 20 | 6.8 0.0 | § 7 | as | 6.5 34 | 1.0 | 10.0 6 ‘ 
9/16/47 10 6.8 20 0.6 | 7.5 s 3 | 2 6.8 39 1.1 | 10.0 s 7 
18 | o8 | | | | os | 39 | 11 | 10.0 s | 7 
9/18/47 10 6.4 23 | 0.7 | 7.S 7 4 20 6.9 | 38 1.1 10.0 s 7 
9/20/47 10 6.8 2 | 0.7 | 7.5 8 3 10 7.1 19 | 06 | 7.5 8 J 
9/21/47 10 6.8 | 2 10 6.8 20 | 0.6 8 3 
9/22/47 10 7.0 | 19 0.6 a. © 3 | 10 6.4 23 | 0.7 | 5.5 s 4 
9/23/47 10 7.1 19 0.6 | 5.5 o 3 10 | 6.2 | 25 | 0.8 $5 | 4 4 
9/24/47 5 6.3 12 o4 | 5.5 | 10 2 10 6.5 | 22 | 0.7 | $$ 5 4 
9/25/47 $s 6.2 | 12 0.4 5.5 10 | 2 5 6.2 12 | 0.4 5.5 10 2 
9/28/47 s | 6.4 | 1 | 0.4 ss | 68 | 13 | sis | 10 | 2 
9/30/47 | §$ 6.3 12 0.4 5.5 10 | 2 $ | 61 | 13 | 0.4 5.$ 0 | 2 
10/ 9/47 S$ | 6.3 12 0.4 5.5 10 2 S$ | 63 122 | 04 |] S.S 10 2 
10/13/47 s 6.3 12 0.4 5.5 | 10 2 S | 6.4 il 0.4 | 5.5 0 | 2 
10/16/47 | 6.4 1 | 5.5 2] § 6.3 12 o4 | 5.5 10 2 
10/27/47 $s 6.3 12 0.4 Ae | & 2 S$ | 6.3 12 0.4 $.5 | 2 
10/30/47 S | 6.2 | 12 | 0.4 $.s | 10 | 2 s|o3 | 12 | o« | SS | 0 | 2 


metric and manometrically controlled ocular 
tension shows a spread of only minus 2.0 
mm. Hg, on increase of tension and of not 
more than plus 2.3 mm. Hg on decrease of 
tension. In practice, the difference will really 
never reach that amount, for, when the al- 
terations in ocular tension (increase or de- 
crease) exceed 5 mm, Hg, the next smaller 
or larger weight can be used. For very deli- 
cate research the applied weight can always 


be increased in 1.0 gm. steps. 
The precision of the procedure just men 
tioned is shown in Table 1. The Fick- 


® The data for applanation are actual, for impression hypothetic. 


Livschitz tonometer was used to register the 
changes in ocular tension in a case of glau- 
coma under conservative treatment with 
drugs after cyclodialysis (R.E., September 
14; L.E., September 18, 1947). The proce 
dure of printing the applanation diameter on 
paper was followed, using the 5, 10, 15, and 
20 gm. weights. 

Table 1 gives all essential data: (1) The 
applied weight, (2) the size of the obtained 
applanation diameter, (3) ocular tension de 
duced from the size of applanation diameter, 
and (4) the unit for each measurement. The 


Chart 4 (Apinis). A curve of the variations in ocular tension in a case of glaucoma 


as constructed from the data in Table 1. 
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maximum measure unit does not exceed 1.5 
mm. Hg in the right eye, and 1.1 mm. Hg 
in the left eye ; the minimum measure unit is 
0.4 mm. Hg. 

For comparison, hypothetical data for an 
impression tonometer have been added to 


Table 1. The maximum measure unit for the 


68 69 70 


BeOS 


Fig. 1 (Apinis). Examples of printed applanation 
diameters in their original sizes (in mm.) 


tonometer is 7 mm. Hg; the mini- 
mum 2 mm, Hg. Under such circumstances 
it can hardly be expected that, im practice, 
the curve of the impression tonometer will 
coincide with that of applanation tonometer, 
because the maximum measure unit of the 
applanation tonometer (1.3 mm. Hg) is less 
than the unit of the im- 
pression tonometer (2 mm. Hg) When the 
impression tonometer ts used, subtle changes 


remain undetected. 


minimum measure 


of ocular tension will 
The graphic expression of the variations 
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of ocular tension im a case of glaucoma is 
shown in Chart 4. Examples of printed ap- 
planation diameters in their original sizes 
are shown in Figure 1. 


SUMMARY 


Recent improvements in the Schigtz im- 
pression tonometer and its modifications have 
increased its technical perfection but left its 
precision at the same state of imperfection. 

The use of applanation tonometry should 
be preferred in scientific researc hes because 
of its greater precision and because printing 
the size of the applanation diameter permits 
exact measuring. 

At present the Fick-Livschitz tonometer is 
best for use in applanation tonometry: (1) 
In practice because of ease of application with 
the patient in a seated position, and | 2) in sci- 
entific researches because (a) the printing 
of the applanation diameter increases its pre 
cision and (b) the appliance of gradually 


conformity with in 


increased weight in 
creased ocular tension gives more reliable 
readings. 

Eastern Oregon State Hospital 
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THE NUTRITIONAL SUPPLY OF CORNEAL REGIONS 
IN EXPERIMENTAL ANIMALS* 


[HE SUPPLY OF SOME INORGANK 


aND LorAND V. 


IONS 


JOHNSON, M D. 


(With the technical assistance of Mildred Orchen, B.A., and Doris Goodman, B.A.) 


The problem of the access of nutrients to 
the avascular cornea has been periodically 
reinvestigated since the earliest days of eye 
research. The early work of Gruber’ on the 
coloration of corneal rust spots by injected 
ferrocyanide gave the first clue to the role of 
the limbal plexus in corneal nutrition, Other 
papers of this period are reviewed by Leber 
in his monograph.? Work in the 1920s was 
led by Fischer," who described the differen- 
tial permeabilities of the epithelial and endo 
thelial surfaces. Most recently the work of 
Cogan and Kinsey* has presented a new out 
look on the water balance of the cornea and 
the importance of fat solubility in massive 
penetration of the corneal epithelium. 

As long as the classic view? prevailed; 
namely, that the metabolic activity of the 
cornea was negligible, the quantitation of 
the nutritional supply was a matter of aca- 
demic interest only. However, the recent 
work of the Wilmer group’ has demon 
strated a modest but measurable oxidative 
and glycolytic activity for the cornea with 
individual anatomic and biochemical charac- 
teristics hitherto unsuspected. 

Moreover, the corneal lesions of certain 
nutritional deficiencies* and their similarity 
to certain idiopathic clinical diseases’ has 
emphasized the possibility that imbalance 
between nutritional supply and metabolic 
demand may be at the basis of some diseases 
of the cornea. 
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SCOPE OF PRESENT EXPERIMENTS 


With these considerations, we have begun 
a study of the quantitative role played by 
each of the three potential sources of nutri 
limbal 


tears, and the aqueous humor, using type 


tional supply—the circulation, the 
substances for the purpose. Because of the 
ease of accurate analysis of minute quanti 
ties, which it affords, tracer technique with 
radioactive isotopes has been employed 
where possible. 

in order to orient our studies and to pro 
vide a point of departure for future work, 
some of the more easily available inorganic 
ions have been investigated first. Results 
to be reported in this preliminary study have 
been obtained with phosphate using P, 


with sodium using Na, with iodide using 


and with Cesium using 

We have made studies on the rate of dis 
appearance of these ions from blood and 
the rate of their appearance in the cornea 
and in tears after intravenous injection. We 
have studied their entrance into the cornea 
after injection into the anterior chamber, or 
subconjunctivally, and after application to 
the anterior surface of the eye in situ. In 
one set of experiments we compared the 
rate of entry into an eye where the limbal 
had 
cauterization) to the rate of entry into a 
Rabbits in all the 
tracer experiments described. 


plexus been damaged (by chemical 


normal eye. were used 


PERIMENTAI 


INTRAVENOUS 


ADMIN 
ISTRATION OF LABELED COMPOUNDS 


All rabbits were under barbiturate anes 


All inorganic used in this study 
btained through the U. S. Atomic Energy 


mission, Oak Ridge, Tennessee 


were 


Com- 
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thesia. In addition it was usually necessary 
to use a 0.5-percent isotonic solution of 
pontocaine for conjunctival anesthesia at the 
time of enucleation 

The compounds used were given in 5 cc. 
of aqueous solution. The solution usually 
contained a small quantity of fluorescein 
sodium to facilitate possible radioactive de 
contamination. The amount of radioactivity 
needed to make measurement of corneal re 
gions feasible was in the neighborhood of 
100 microcuries ; the exact absolute amount 


rABLE 1 


AREAS OF CORNEAL RINGS 


Cork Radius Area of ring 
Borer (em.) 

7 0.665 (7-6) =0.30 

6 0.587 6 4) 

0.435 4-2) =0 366 

? 0.269 2) =0.228 


is unimportant because all unknowns were 
compared to standards measured at the same 
sitting. There is no evidence that this quan 
tity of radioactivity given to a 2.5- to 
3.5-Kg. rabbit has any effect on the per 
meability characteristics of the animal's cells. 
The injected solution contained, in addition, 
the following amounts of nonradioactive 
salts: 

a. Sodium: 25 mg. Na. This represents 
some 6.5 percent of the normal serum so- 
dium content and is negligible in comparison 
with it. Thus one is actually measuring the 
behavior of serum sodium, 

b, Phosphate: 1.6 mg. P. This represents 
approximately 21 yp reent of the circulating 
inorganic phosphate in a 2.5 Kg rabbit. 
Here, 
behavior of the 


lodide 


no more than | to 


too, we are probably measuring the 
serum inorganic phosphate. 
250 ug. I. There is probably 
2 of inorganic iodine 
circulating in the normal 2.5 Kg. rabbit. 
Hence the introduction of this quantity of 


iodide results in an unusually high blood 


concentration. 


d. Cesium: 7.5 mg. Cs. Since cesium 
occurs in the body in only the minutest 
traces, any measurable amount of carrier 
would result in unusually high tissue con- 
centrations. However, since cesium is an 
alkali metal and since the above amount is 
small in comparison with that of the sodium 
and potassium present, we were interested 


in studying the behavior of this ion. 


TECHNIQUE 

At zero time the tracer solution was in 
jected into the marginal ear vein of the 
rabbit. When the strength of the gamma 
emission so indicated, the syringe was 
shielded with lead. At predetermined inter- 
vals, 3-cc, samples of blood were withdrawn 
by cardiac puncture. 

At appropriate times the eyes were dis- 
sected out and, after a momentary rinse im 
a stream of physiologic saline from a wash 
bottle, they were frozen instantaneously in 
a bath of hexane immersed in a dry ice 
“carbitol” mixture. This insured immediate 
cessation of any further diffusion processes 
The frozen eyes were removed from the 
bath in a cold room at —10°C. and all dis- 
section was completed while the eyes were 
still frozen. 

Corneas were cut out with a No.-7 cork 
borer (diameter 13.3 mm.), carefully freed 
of aqueous, and flattened on a blotter. To 
avoid the possibility that the outer edge of 
the cut cornea might be contaminated by the 
contents of limbal or choroidal circulation 
deposited by the cork borer, a No.-6 cork 
borer was used to cut a slightly smaller con- 
centric disc. This dise was then cut into two 
concentric circles and a center circular plug 
by the use of a No.4 and No 2 cork 
borer. The areas of these pieces are given 
in Table 1. 

Each piece was weighed to 0.1 mg. on a 
torsion balance and was placed in an indi- 
vidual 2-0z. ointment tin for digestion and 
isotope determination. Samples of aqueous, 
lens, and vitreous were taken similarly. 

Each tissue sample was then allowed to 


‘ 
he 
ae 
3 
Bale 
ie 


thaw, 1 cc. of 5-percent NaOH was added, 


and the tissue was allowed to disintegrate 
in the heat of an infrared lamp, water being 
added from time to time to replace that lost 
by evaporation. With the iodide samples a 
small amount of carrier iodide and sodium 
sulfite were added to the base to imsure 
against loss of iodine by volatilization. 
After disintegration was complete, a mat 
ter of 10 minutes or less for corneas, 1 cc. 
of a dilute solution of detergent* was added 
to allow even distribution of the digest over 
the bottom of the tin and the solution was 
allowed to evaporate to dryness. Radio- 
activity was then determined with a large 


windowed Geiger-Muller tube? and a suit- 
able scaling circuit.* 

Because of the large (29 cm.?) area of 
the ointment tin and the large-windowed 
tube, corrections for self-absorption of cor 
neal samples were not ordinarily required. 
At the same time the tissue samples were 
prepared, aliquots of the serum samples and 
of a dilution of the original injection solution 
were prepared in tins in a similar manner 
and counted at the same time as the corneas. 

In one set of experiments it was desired 
to close off the limbal plexus, if possible, 
in order to evaluate the eve after this source 
of supply had been eliminated. Because of 
the proximity of the limbus to the ciliary 
apparatus in the rabbit, our first attempts 
to accomplish this end by limbal diathermy 
resulted in very low activity in both aqueous 
and cornea. Presumably the limbal vessels 
plus the ciliary apparatus had been de 
stroyed. Section of the rectus muscles plus 
the conjunctiva had little effect on the 
corneal or aqueous values. If anything, it 
increased them, perhaps because of the in- 
duced hyperemia. The procedure finally em- 
ployed consisted in sectioning the con- 
junctiva, severing the recti at their inser- 


*A one-percent solution of a number of com- 
mercially available detergents serves this purpose. 
+ Cyclotron Specialties, Moraga, California. 

? Tracerlab Autoscaler. 
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tions, and then applying a silver-nitrate stick 
to the limbal region. 

When it was desired to collect tear sam- 
ples, the flow of tears was induced by the 
intravenous injection of 0.5 cc. of solution 
containing 3 mg. of pilocarpine nitrate. Two 
or three minutes after the injection, tear 
samples of 25 to 100 cubic millimeters could 
be drawn into micropipettes from the con- 
junctival sac. These tears were the charac 


TEA 


Fig. 1 (Potts and Johnson). Special micrometer 
syringe for subconjunctival and intraocular admin- 
istration. 


teristically “milky” ones described by pre- 
vious investigators. 

The subconjunctival and intraocular ad 
ministration was accomplished by means of 
a special micrometer syringe® illustrated in 
Figure 1. The drill-rod piston of the syringe 
is activated by the screw of a micrometer 
caliper which is preserved intact with its 
graduated scale, The accurately drilled lucite 
barrel was fitted at its end with a stainless 
steel collet, designed to hold a 54” by 27 
gauge hypodermic needle which had been 
cut off in a lathe at the junction of the 
conical and square portions of the hub 
These needles were cut off for us by the 
shop in lots of several dozen and afforded 
an inexpensive and replaceable stock, The 
seal between the needle and the bore was 
accomplished with a small replaceable plastic 
gasket. 

The syringe was ordinarily operated with 
a droplet of mercury ahead of the piston to 
prevent possible contamination of the screw. 


Dimensions were so arranged on our model 


7 Made for us by Northern Tool Company, Cleve 


land, Ohio, 


fa 
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= 
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that two complete turns of the screw, that 
is, 50 thousandths of an inch travel of the 
piston delivered 0.86 cubic mm. of solution 
with a reproducibility of approximately 7 
percent. Larger volumes could be delivered 
with correspondingly greater accuracy. The 
total content of the syringe is approximately 
15 cubic millimeters. For injection into the 
anterior chamber, the needle was either left 


DISAPPEARANCE FROM 
OF INTRAVENOUSLY INJECTED RADIO ISOTOPES 


Dilution volume 
27200 


on 


Dilution vohume 
“258% Bw 
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PimuTes 


‘otts and lohnson) CGrapl for iodide 


cesium, and phosphate 


in situ for the duration of the experiment or 


cut off as described by Kinsey and others." 

For topical application a glass tube 5 mm 
i flanged lower edge for 
The 
active solution was imbibed on a small piece 
the tube put 


in diameter with 


contact with the cornea was used radio 
of absorbent cotton tn the tube, 
in place on the cornea, and the cotton gently 
pushed in contact with the cornea by means 
For the 
times of the experiments, the 
\t the end 


of an attached piece of wire rela 


tively short 
tube was held in place by hand 
the eve washed 
and d 


ipplication was cut out 


the experiment was 
| 


copiously with saline ssected while 


frozen. The area of 


cornea by an appropriate sized cork 


The 
negligible amounts of activity 


of the 


borer rest of the ornea contamed 
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ResuLts 

LEVELS 

The disappearance from the blood of 
intravenously injected diffusible substances 
has been discussed extensively by Hevesy.® 
Theoretical treatment has been meager, all 
based on the assumption that the rate of loss 
from the blood stream is proportional to the 


IONS FROM THE PLASMA 


ECTIONS 


RATE OF DISAPPEARANCE OF LABI 


Fig. 3 (Potts and Johnson). Values of phosphate 


and sodium obtained by Hahn ard Hevesv." 


concentration of the substance in the blood 
( Palm?®?'), 

(%n this assumption a simple exponential 
relationship between blood level and time 
should obtain and a plot of log blood level 
When 
our figures for blood levels were so plotted, 
a straight line did not result. However, when 


vs. time should give a straight line 


log blood level is plotted against log time the 
result is a straight line with | or 2 changes 
of slope 

Such 
phosphate is shown in Figure 2. Where two 


a graph for iodide, cesium, and 


sets of symbols are indicated, the curve is a 


composite of two experiments with the 


values of one experiment corrected by a 


constant factor. To show that there is noth 
ing umque about our experiments the values 
for phosphate and sodium obtained by Hahn 
amd Hevesy'? were similarly plotted with 
similar results (fig. 3) 

It is evident from these curves that two 
ditferent types ot behavior are being mani- 


fested. In the case of iodide and sodium the 


/ 425% bw 
J Divtion volume 
E 
sin ca 
10% Aw > 
| 
| 
| 
9 
” 
. 
$ 
— 
Fig 2 


rate of loss from the blood stream is rela- 
tively low. The dilution volume, a term 
Hevesy™ to indicate the 
which 


introduced by 
weight in grams in the original 
activity must be diluted to give the concen 
tration found, can be expressed as percent 
body weight of the animal 

For iodide and sodium the dilution vol 
umes run some 20 percent of body weight at 
the point of flexion and, after this point, the 
slope is less than, not greater, than it was 
before. In the case of the cesium and the 
phosphate, dilution volumes are already 50 
percent of the body weight at the first 
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TABLE 2 


OF CORNEAL REGIONS 


the product of time and mean blood level to 
that time. Otherwise expressed, this is the 
area under the concentration-time curve for 
blood. 

Since it is impractical to attempt such a 
calculation for each eye investigated and 
since the shape of the blood time curve is 
clearly known, it might be expected that if 
the corneal outer-ring figures were related 
to the blood level at some fixed time, the 
resultant ratios would generate a curve with 
time that fell as the blood level rose and 
that might be amenable to theoretical treat 


ment. 


CONCENTRATION OF Na™ IN CORNEAL RINGS AFTER INTRAVENOUS INJECTION 
EXPRESSED AS PERCENT SERUM LEVEL AT FIVE MINUTES 


lime Cornea Outer Cornea Middle Cornea Center ions 
(min.) Ring Ring Plug queous 
3.2 2.5 0 0 73 
44 4.0 1.4 23 4 3 
6.5 5.1 24 1.9 4.7 
9.9 990 7.2 


flexion and the slope is greater than before. 
With both of these substances a second flex 
occurs at 327 percent and 258 percent of 
body weight, respectively, and from here the 
curve becomes almost flat. 

Whatever may be the physiologic sig 
nificance of these manifestations, as dis 
cussed below, the practical consequence is 
that over long-time ranges blood values may 
be accurately interpolated and extrapolated 
using only two blood determinations, and 
this was made use of in the subsequent 
work. 


LEVELS OF ISOTOPE IN THE CORNEA 


It is reasonable to suppose that the driv- 
ing force for the entry of an ion into tissue 
is the concentration gradient between blood 
and tissue and, in the early portion of the 
experiment, this is practically equivalent to 
the blood level. Theoretically, then, the level 
of ion in the corneal ring nearest the blood 
at any given time should be proportional to 


We arbitrarily chose the five-minute 
blood level as our reference point and the 
values for isotope content of the corneal 
rings and the aqueous humor of normal 
eyes are presented in Tables 2 through 5. The 
plot of the values for the outer rings against 
time on logarithmic coordinates are pre 
sented in Figures 4 to 7, respectively. To 
prevent confusion caused by unavoidable 
scatter of the data the values for the other 
rings and the aqueous have not been shown 
graphically. However these values have 
been recalculated as percent of outer ring 
content and their means with standard 
errors are given in Table 6. 

From consideration of these tables and 
figures a number of conclusions are in- 
escapable, There is a rise in corneal content 
of labeled ion which is rapid at first and 
then reaches a nearly constant plateau as 
20 to 30 minutes are passed. In the case of 
sodium, the plateau had not yet been reached 


at the longest time of 10 minutes; in the 
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TABLE 3 


LABELED LODIDE CONTENT OF CORNEAL RINGS AND AQUEOUS HUMOR 
EXPRESSED AS PERCENT SERUM LEVEL AT FIVE MINUTES 


Time Cornea Outer Cornea Middle Cornea Center 


(min.) Ring Ring Ring Aqueous 
3.0 2.5 0 0 aaa 
3.6 4.3 1.4 0.3 3.7 
4.0 12.9 3.0 2.2 4.9 
6.0 10.5 2.9 5.4 
6.0 15.9 4.6 8.1 6.1 
7.0 7.9 10.7 6.2 14.9 
7.0 22.0 12.3 13.7 15.2 
8.3 21.3 9.0 5.2 12.1 
10.0 21.4 18.3 18.8 15.9 
11.6 35.7 38.6 22.0 20.6 
12.5 99.6 37.6 33.4 
13.5 26.0 14.2 11.5 13.4 
i 19.2 17.5 10.6 9.5 10.4 
24.0 70.7 61.9 60.1 43.7 
48.0 43.8 20.9 19.4 21.0 
60.0 29.2 20.4 21.2 17.5 
62.0 43.1 44.0 54.6 27.1 
63.0 35.3 30.2 24.8 25.3 
96.0 50.5 48.8 46.6 30.4 


TABLE 4 


LABELED CESIUM CONTENT OF CORNEAL RINGS AND AQUEOUS HUMOR 
EXPRESSED AS PERCENT SERUM LEVEL AT FIVE MINUTES 


: : rime Cornea Outer Cornea Middle Cornea Center Aqueou 
min.) Ring Ring Ring 4 
5.0 8.9 4.2 2.8 
6.0 8.7 6.0 5.4 14.5 
7.0 12.4 14.5 6.1 4.7 
10.5 22.2 18.9 15.8 18.5 
20.2 19.9 22.4 15.2 15.3 
1.0 19.0 10.0 A, 7.8 
22.4 15.7 12.9 18.6 14.8 
1.8 25.0 21.0 17.1 38.5 
: 00.0 22.9 21.2 19.8 13.0 
120.0 26.1 23.2 11 x 


TABLE 5 


LABELED PHOSPHATE CONTENT OF CORNEAL RINGS AND AQUEOUS HUMOR EXPRESSED 
AS PERCENT SERUM LEVEL AT FIVE MINUTES 


lime Cornea Outer Cornea Middle Cornea Center ensinaitin 
(min.) Ring Rin Ring 
min ing 

6.0 1.8 0.55 0.64 2.6 
11.0 9.5 0.59 0.37 4.1 
18.0 9.3 2.6 1.2 7.3 
15.0 a8 3.3 1.7 10.7 
21.0 9.2 2.7 2.3 §.2 
22.0 13.1 4.8 3.7 9.0 
22.0 9.6 2.9 2.3 6.5 
23.0 9.9 §.2 4.1 10.5 
25.0 9.0 7.5 5.4 14.1 
25.0 18.5 10.2 4.2 6.4 
29.0 20.0 4.4 3.2 6.8 
76.0 16.8 13.3 12.1 15.0 
127.0 18.3 18.0 12.9 12.2 
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case of the phosphate, most of the values CORNEAL CONCENTRATION OF LABELED PHOSPHATE 
are already on the plateau. The significance AFTER UW INJECTION 
of the actual plateau values will be discussed 


later. 

The difference between the ion content 
of the outer ring and that of the rest of the ™ Oo oO 
cornea is statistically significant for each ion. fo} 


The area next the limbal plexus has the 


CORNEAL CONCENTRATION OF LABELED IODIDE 
AFTER INTRAVENOUS INJECTION 


(2 Srunure Levee) 


wvter ring 


MIDDLE RING=45% OUTER RING 
CENTER PUR = 38% 
88% 
© 
4 567890 20 30 4 3060 
Fig. 6 (Potts and Johnson). The values of the 
' / Pl outer rings plotted against time on logarithmic co- ; 
ordinates. 
CORNEAL CONCENTRATION OF LABELED CESIUM 
/ / entering AFTER INTRAVENOUS INJECTION 
/ 
' 2 3 4567890 
MINUTES 
Fie. 4 (Potts and Iohnson). The values of the H 
outer rings plotted against time on logarithmac co- M | 
ordinates. tng 3 
600% 
CONCENTRATION OF NA®4 IN CORNEAL OUTER RING A — 
AFTER LV. INJECTION 
X—X aqueous level | | 
x Fig. 7 (Potts and Johnson). The values of the } 
1oL outer rings plotted against time on logarithmic co ; 
ordinates 
Pir 
Ser highest ion content for all four isotopes. : 
} sr This has been confirmed by autoradiographs. % 
4r The mean differences between the middle 
H 3r ring and the center plug are relatively small 
Se 4 and, although in each case the mean for the 
z middle ring is the higher, the differences are 
w“ CENTER RING * 31% not statistically significant for any of the 
ions, Similarly, the mean for the aqueous 
MINUTES humor falls above that for the middle ring 


7 in all but the iodide eyes. 
Fig. 5 (Potts and Johnson). The values of the The | f “* k 
outer rings plotted against time on logarithmic co- e large scatter of the data makes any 


ordinates. definite conclusions on the significance of 


ia 
| Oo & 


lodide 100°; 63.2 
Phosphate 100 45 
Cesium 100 73 
Sodium 100 38 


this fact impossible. It should be noted that 


there is a definite tendency for the difference 


between the corneal regions to decrease as 


time goes on and as the animal approaches 


more nearly to equilibrium with the tracer 


This is best shown by the figures for phos 


phate where the first seven values for th 


middle ring average 28 percent of the outer 


ring figures and the six longer-time middle 


rings average 65 percent of the outer ring, 


a difference of more than two times 


CONTRIBUTION OF THE AQUEOUS Ht MOR 

| ? lo separate, if possible, the effect of the 


limbal plexus supply from that of the 


aqueous supply, the silver-nitrate cauteriza 


tion experiments des ribed above were done 


and the results of a typical experiment are 


shown in Table 7. It can be seen that the 


Rabbit weight 
Total dose, ¢/m 
lotal dose, P meg 
Time of enucleation, min 


Ke 


Tissue concentration, c/m/gm, 
Cornea 

(huter ring 

Middle ring 

Center plug 
\queous 


7, § minute serum level 
Cornea 

Outer ring 

Muddle ne 

Center plug 
\queous 
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TABLE 6 


RELATIVE CONTENT OF LABELED IONS BY CORNEAL RINGS AND AQUEOUS 


Mean of Outer Ring + Standard Error of Mean 


Outer Middle Center 
Ring Ring 


rABLE 7 


CORNEAL CONTENT OF LABELED PHOSPHATE AFTER INTRAVENOUS INJECTION WITH 
AND WITHOUT AgNO, CAUTERIZATION OF THE LIMBUS 


\queous 
Plug 


58.74 


2 61.3+6.2 

2 330 82 +10.9 

9 60 .5+8.7 83.6+12.3 
100 ca 


aqueous content was lowered by the pro 
cedure. Although the aqueous content was 
dropped by some 30 percent, the contents of 
the corneal rings fell in the experimental ey« 
by more than twice this much as ce mnpared 
with the control eye. 

This is good evidence that the central 
corneal regions are largely dependent upon 
the limbal plexus for their supply of in 
organic ions. If this were not true, both 
aqueous and corneal rings should have 
dropped by the same percentage. 

To evaluate more directly the role of the 
aqueous in corneal supply, the results of 
injection of labeled material into the an 
terior chamber should be considered. Some 
typical experiments are presented in 
Table 8. 


It can be seen that, after 10 minutes, a 


Normal Control Peritomy then 
\g NO, to Limbus 


5.930 2,160 
1,760 800 
1,450 462 
3,370 2,223 


9.20 3.38 
2.73 1.24 
2.25 0.72 
?? 3.45 
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small but definite proportion of the injected 
material has found its way into the cornea 
The concentration of activity in each cornea 
varies from one fourth to one half that in 
the aqueous and corresponds roughly to that 
found in the previous experiments, when 
one considers that corneal concentration re- 
sulted after a rising aqueous content, this 
after a falling one. 


Volume injected, mm.’ 

Total activity, ¢/m 

Total salt, mug 

Length of experiment, min 

Estimated initial concentration of anterior 
chamber, c/m/c« 


Tissue content, c/m/gm 
Cornea 

Outer ring 

Middle ring 

Center plug 
Aqueous 


Tissue content (percent total dose) 
Cornea 

Outer ring 

Middle ring 

Center plug 
Aqueous 


Pissue content 

Cornea 

Outer ring 

Middle ring 

Center plug 
Aqueous 

It is worth noting, too, that in 2 of the 3 
experiments cited the concentration of the 
corneal zones is higher at the center than 
at the periphery. Some experiments with 
the injection of fluorescein into the anterior 
chamber showed us that before mixing in 
the anterior chamber was complete, there 
were a number of convection patterns which 
allowed local high concentrations to be 
created for a matter of seconds. This can 
explain the variable results in the iodide 
experiment. 

The results also indicate that all parts of 
the endothelial surface are equally per- 
meable to the ions tested. There is no evi 
dence that ions from the aqueous must mi- 
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grate to the endothelial margin at the limbus 
in order to enter the cornea. 


SUBCONJUNCTIVAL INJECTION 


It was of interest to us to evalute the 
possibility that the whole conjunctival sur- 
face was an. absorptive area feeding the 
limbal zone. To help do this, subconjunctival 
injections of about 1 mm.* were made with 


rABLE 8 


CORNEAL CONTENT OF LABELED IONS AFTER INJECTION INTO THE 


ANTERIOR CHAMBER 


Cesium 


Phe yspha te 


1.72 0.86 0.86 
1.87x10° 7.4x10" 
1.72 (Nal) 138 13,000 
10.4 10.0 12.0 

9. 34x10 2.50K 108 2.94 «10 


233,800 86 ,000 82,000 
112,000 102 ,000 107 ,000 
139 000 103 ,000 112,000 
618 000 176, 400 152,000 


4.53 0.82 3.27 
1.80 0.70 3.66 
1.11 0.53 2.07 
66 14.2 45.6 


19.2 1.13 432 
7.72 0.97 484 
4.77 0.73 274 
262 19.5 5,900 


the microsyringe near the limbus and, after 
freezing, the cornea was cut into four strips 
of equal width designated A to D, all parallel 
to the limbal tangent at the injection site. 
Two such experiments are cited in Table 9. 
They both show that, whereas the first strip 
adjacent to the site of injection acquires a 
small amount (0.5-percent ca) of the in 
jected material, the rest of the cornea gets 
virtually none. At least for the substances 
in question, the subconjunctival path seems 
to need no consideration. 


ANTERIOR SUPPLY 


Two factors must be evaluated im con- 
sidering the entrance of substances through 


4 
re 
3 
t 
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Volume injected, mm.’ 

Total activity, c/m 

Total salt, mug 

Length of experiment, min 

Distance from limbus, of injection site, mm. 


Corneal content, ¢/m/g 
Strip A 
B 


Corneal content, ©) total 
Strip A 
Corneal content, 
Strip A 
B 
c 
D 


the epithelial surface, The first of these is 
the concentration of the substance in ques- 
tion that is presented to this surface, and 
the second is the actual permeability of the 
corneal epithelium to the specific substance. 
The second aspect has received the un- 
divided attention of many capable investi 
gators and the results of three of our typical 
experiments presented in Table 10 make no 
startling contribution to the already expan- 
sive literature. They show that, for the in- 
organic ions measured, both positive and 
negative, there is a small but measurable 
pentration of the epithelial surface in 10 
minutes, resulting in a concentration of 0.02 
to 0.30 percent of the outside value in the 
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TABLE 9 


TABLE 


Cesium 
0 0.86 
7.7210" 7.65 
138 13,000 
60 


18,730 23,100 
472 2,475 
206 1,135 
1,075 


0.001 0.064 
>0.001 0.044 
Negligible 0.025 
0.62 46.7 
0.002 8.3 
0.001 5.7 
001 3.3 


corneal plug directly under the applicator. 


The rest of the cornea had negligible 
activity. 

The first mentioned aspect, that of the 
concentration of intravenously administered 
substances in the tears, has been much less 
extensively investigated, Our determinations 
and the corresponding blood levels are pre- 
sented graphically in Figure 8. 

Of the three ions investigated, each shows 
a distinctly different type of behavior. The 
cesium content of tears in two determina 
tions after intraveneous administration was 
17 percent and 47 percent of the blood level 
at the time of collection in two determina- 


tions. The phosphate content was two whole 
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PENETRATION OF EPITHELIAL SURFACE OF CORNEA BY LOCALLY APPLIED 


LABELED IONS IN ISOTONIC NEUTRAL SOLUTION 


Phosphate 


Cesium 


lodide 


Concentration of compound, mg/cc 0.412 0.050 1.50 
Activity, ¢/m/ce 3.92 10° 1.35 1.95 «10* 
Length of exposure (min.) 10 10 10 
Corneal plug 

Exposed to solution, ¢/m/gm 14,600 11,060 5,420 

© concentration of applied solution 0.37 0.02 0.28 
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orders of magnitude lower than this, a mere 
0.3 percent, and this despite the fact that 
the lacrimal glands in the animal had phos- 
phate contents almost exactly equal to the 
blood concentration. 

Most unusual of all, the iodide content of 
tears after intravenous administration of 
I'* ranged from 170 to 300 percent of the 
blood level at the time of collection. 


5 
Cc/mjcc 4 


Cesium 


CONCENTRATION OF LABELED IONS IN TEARS AFTER 
INTRAVENOUS ADMINISTRATION 


>— © Blood level 
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ent, for here by injection one labels the en- 
tire blood stream. In the case of the 29- 
minute P*? eye, for instance, the injected 
activity labeled some 6.0 mg. of phosphorous 
circulating in the blood so the corneal con- 
tent of 56,000 counts per minute represents 
1.34 pg. of phosphate that has entered the 
cornea in the experimental period—approxi- 
mately 1,000 times as much as in the iodide 


lodide Phosphate 


(3008) 


x(199%) 


x(170.6%) 


o39% 


0 20 4 S 6 78910 
Minutes 


DiscussION 

For purposes of orientation it is im- 
portant to establish the fact that the weights 
of materials which we have been following 
to the eye by diverse paths have been very 
small indeed. For this reason, absolute 
values have been given in Tables 8 and 9 
and it is seen that the units are millimicro- 
grams (myg.). 

Similar calculations for the intravenous 
experiments give similar orders of magni- 
tude for the trace elements. One iodide ex- 
periment gave a total corneal content of 
6.0 myg., 13 minutes after injection. 

The case of ions occurring in high con- 
centrations in the blood is somewhat differ- 


Fig 8 (Potts and Johnson) Graph showing concentration of labeled ions in tears 
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experiment. 
These facts are emphasized for two 
reasons: (1) Because we wish to point out 
that these experiments in no way invalidate 
the generally accepted idea that inorganic 
ions permeate the cornea at a relatively slow 
rate in comparison to some compounds 
organic solvents for instance; (2) since we 
have demonstrated individual physiologic 
personalities on the submicro scale for the 
various ions we have studied, we should 
emphasize the fact that, if nutritional de 
ficiencies do play a part in corneal disease, 
they will involve substances whose transport 
is on just such a minute scale—vitamins, 
coenzymes, trace ions, and the like—and 
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generalizations from milligram-scale deter- 
minations will not necessarily be valid or 
useful. 

The theoretical treatment of the rate of 
disappearance of radioactivity from the 
blood will not be considered extensively at 
this time. Suffice it to say that the logarith- 
mic plot allows for convenient linear inter- 
polation and that at least one type of blood 
curve has lent itself to expression as the 
sum of two exponentials: 


™ +21 4+ 4 


At this time there is a great temptation to 
assume with Merrell and associates*® that 
each of the exponential expressions given 
above represents separate diffusion 
process, each of which proceeds simul 
taneously, However, in view of the evidence 
accumulated by Hevesy® that diffusion into 
each tissue proceeds at a separate rate, such 
an assumption seems likely to prove an over- 
simplification 

At all events, with an exact expression for 
rate of loss from the blood, we are one step 
closer to an exact expression for rate of 
entry into the eye, and exact biologic coun 
terparts may actually be established for the 
mathematical findings. 

Some properties of interest come to light 
when one compares the rate of entry into the 
cornea of the ions studied with their rate of 
loss from the blood—presumably a measure 
of their rate of entry into the other tissues. 

lodide shows a flat blood-curve. From this 
one would expect a relatively low rate of 
entry particularly when the five-minute 
blood level, the basis of comparison, re- 
mains high. Nevertheless the plateau for 
iodide averages 45 percent of the five- 
minute blood level. 

On the other hand, phosphate enters the 
tissues rapidly and has a relatively low five 
minute blood level for a given dose despite 
the fact that this requires movement of all 
the labeled plasma phosphate. In the cornea, 
on the other hand, phosphate enters slowly 
and the outer ring plateau value is the lowest 
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of the four ions. Cesium leaves the blood 
even more rapidly than phosphate and shows 
a plateau intermediate between phosphate 
and iodide. 

From these observations one is forced to 
conclude that entry of ions into the cornea 
is governed by conditions other than those 
which control the loss from the blood stream 
into the large mass of tissue and that, 
further, each ion so far studied acts in an 
individual manner. 

We do not mean to imply that generaliza 
tions in the future on an adequate amount 
of data will be impossible. We simply wish 
to state that at the present time generaliza- 
tions from other tissues to the cornea are not 
likely to be correct, 


SUMMARY 


1. Methods have been described for trac 
ing the entry of ions into various corneal 
regions after intravenous intraocular sub- 
conjunctival and topical administration, The 
concentration of these ions in pilocarpine 
stimulated tears has also been determined. 
The ion species used were phosphate, 
sodium, iodide, and cesium. 

2. The disappearance from the blood of 
intravenously injected ions has been found 
to give a series of straight lines when blood 
level is plotted as time on logarithmic co- 
ordinates. 

3. The rate of disappearance from the 
blood has been characteristically different 
for each of the four ions tested. 

4. When the rate of entry into the cornea 
is expressed as percent of five-minute 
serum level, each of the four ions tested 
shows a different and characteristic pattern. 

5. When rate of ion entry from the blood 
stream into concentric circular corneal re- 
gions is determined, the outermost region 
has a significantly higher concentration of 
the measured substance than the more in 
terior regions. This indicates that the limbal 
vascular plexus plays a predominant role in 
supplying the materials investigated to the 
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cornea. When this plexus is damaged by 
silver nitrate, the concentration of injected 
ions in the cornea is drastically decreased. 

6. A small but significant amount of the 
substances studied can pass through the 
anterior or posterior corneal surfaces, The 
passage through the endothelium may be 
made anywhere and is not restricted to the 
limbal zone. 

7. The concentration of the substances in 
tears varies from 0.2 percent to 300 percent 
of the blood level. This fact must be com- 
bined with quantitative knowledge of the 
permeability of the epithelial surface before 


the role of the anterior route of supply can 
be adequately evaluated. 

8. Subconjunctival injection allowed only 
a small proportion (0.5-percent ca) of the 
injected ions to enter the cornea and this 
entry was confined to an area quite close 


to the site of injection, 

9. Substances such as the ions studied 
which enter the cornea in relatively low con- 
centrations have individual and distinctive 
physiologic properties which must be taken 
into account before an adequate evaluation 
of corneal nutrition can be made, 

University Hospitals (6). 
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Discussion 


Dr. Frank Vesey (New York): May I 
ask Dr. Potts, after this very interesting 
presentation, to make further investigations 
on animals that have a_ structure of 
Schlemm’s canal, such as apes. We know the 
lower animals do not have that structure. 
It may turn out that Schlemm’s canal was 
an organ of nutrition primarily, and not an 
organ of filtration, as it is generally accepted 
today. 

Dr. I would 


Davip CoGaNn (Boston): 


like to offer a suggestion. I am very much 
interested in this paper, and I think the 
authors were very charitable to us. 

I would like to suggest, however, that the 
title be changed from “Nutritional supply of 
corneal regions” to “The electrolyte move- 
ment in the cornea,” as I think none of this 
fluid movement in the cornea necessarily 
indicates what happens in the nutrition of 
the cornea. 

As for the difference in our findings and 
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the authors’, chiefly in their conclusion that 
the endothelium was relatively permeable 
throughout to electrolytes and the epithelium 
to a less extent, that is contrary to our find- 
ings based on a chemical test and also based 
on the impedence of electric current by these 
membranes. 

I presume the authors have thoroughly 
washed off the samples and have some evi- 
dence that all the radioactive material was 
removed from the surface before they meas- 
ured their corneal buttons. I don’t know just 
how one would prove that all the radioactive 
material was washed from the surface. I 
suppose one could use different time periods 
and demonstrate the electrolytes diffusing 
into the stroma if the membranes were per 
meable ; whereas, they would remain adher 
ing to the surface if it was a matter of in 
complete washing. 

From the first observations I inferred that 
the material did come from the limbus, there 
was always a higher amount at the limbus 
than in the central plugs. | thought that was 
compatible with the idea that it came from 
the limbus and not through the endothelium, 
especially since the aqueous content of the 
particular radioactive electrolyte was quite 
high. 

Later observations, however, indicated 
that the electrolytes were roughly the same 
throughout the entire cornea, and it certainly 
looks as though it came through the endothe- 
lium. If it wasn’t a contaminant I wonder if 
the manipulation during the injection, or the 
changes in the pressure within the eye, didn’t 
alter the permeability of the endothelium 
enough to let the material go through. 

In other words, there seems to me to be 
a contradiction between the first experiments, 
where there was a high concentration in the 
aqueous, which apparently had come there 
via the blood, and yet the cornea showed a 
much greater amount toward the periphery, 
and the subsequent observation of the injec- 
tion into the anterior chamber where the 
substances were approximately equal in all 
parts of the cornea. 


Dr. Jonas S. FriepeENWALp ( Baltimore) : 
In regard to the problem of what light these 
experiments throw on the permeability of 
the corneal surfaces, and more remotely and 
perhaps more importantly on the nutrition 
of the different fractions of the cornea, it 
seems to me important that these experi- 
ments should be carried further, to the end 
that after exposing the surface of the cornea 
to these solutions and separating various but- 
tons, the epithelium might be scraped off and 
tested separately. 

It may well be that substances penetrate 
into the epithelium but do not penetrate from 
the epithelium into the stroma, and it may be 
equally true that substances penetrate into 
the endothelium but not from the endothe- 
lium into the stroma. The precise localization 
of the boundary of impermeability in Dr. 
Cogan’s experiments appears to be not be- 
tween these cellular layers and the surround- 
ing fluid, but between these cellular layers 
and the stroma. 

Dr. Davin Cocan ( Boston) : May I men- 
tion one more point? The most important 
thing that I arose to say, I forgot, and that 
is that we measured the permeability of the 
cornea to radioactive sodium and radioactive 
iodine in Diodrast. Dr. Kinsey and 1, when 
he was working with Dr. Barany, had some 
Diodrast left over, and we made a few 
sporadic tests with it. I don’t remember that 
we tried electrolytic iodine. All of the experi- 
ments showed that in our in vitro prepara- 
tions none of the radioactive sodium or Dio- 
drast came through, as long as the epithelium 
was intact, 

Dr. M. Ports (Cleveland): Re- 
garding Schlemm’s canal, we would be happy 
to do such experiments if the animals were 
available. It represents a financial problem 
to us, at this time insurmountable. However, 
if we are ever able to do such experiments 
we shall certainly be interested in the investi- 
gation of whether Schlemm’s canal is a pos- 
sible organ of nutrition rather than a sewage 
canal. 

The question of the nutritional supply that 
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Dr. Cogan brought up doesn’t seem to me 
to show contradiction between the two sets 
of experiments, In the case of the intraven- 
ous experiments, it was noticed that the level 
of the aqueous was very near that of the 
middle ring and the center plug. It hovered 
around that central area. Even so, our ex- 
periments demonstrated that when material 
was injected into the anterior chamber, the 
concentration in the cornea was not equal to 
that of this artificial aqueous that was cre- 
ated, but on the order of 0.2 percent of the 
concentration in the artificial aqueous, so 
such an inflow would never show up on an 
intravenous experiment where the aqueous 
was equal in level to the middle ring and the 
center plug. The concentration in the outer 
ring was always higher than that of the 
aqueous. The rings in the center were very 
nearly the same. 

However, if one were able completely to 
block the supply from the limbus, as we 
were unable to do (this completeness of block 
is something that requires a finer anatomic 
technique than silver-nitrate cauterization), 
then we might expect that the level in the 
whole cornea might correspond to something 
like 0.2 percent of the level in the aqueous. 

As far as having the material adsorbed 


on the surface was concerned, we were able 
in some cases, since these pieces were frozen, 
actually to scrape the endothelial surface with 
a scalpel, and we were able to notice no 
serious loss of the activity that was trans- 
ferred in the intraocular-injection expert- 
ments. We believe there actually 1s some- 
thing that has gone in, but it must be noted 
that this amount is small, and when an intra- 
venous supply also exists, that amount is 
completely masked. 

In regard to Dr. Friedenwald’s statement, 
we would very much like to do such experi- 
ments. The sort of thing we dreamed up was 
a freezing microtome which could be ori- 
ented so that it would be exactly at right 
angles to the surface of these rings and plugs, 
and to make sections not only removing the 
epithelium but also at different depths 
through the stroma itself, This is a mechani- 
cal project which is going to the manufac- 
turer who made our syringe, but it has been 
postponed for a while. 

As far as the title is concerned, we intend 
this paper to be only the first of a series of 
papers, and it is true we are measuring diffu- 
sion of ions, This is simply a dry run, as it 
were. We hope to measure the diffusion of 
nutrients in the future. 


MINIATURE 


Heliodorus asserted: “Love offers proof that the eyes find a passage 
to the soul and it is not difficult to assign the reason for this; of all inlets 


to our senses, the sight is the most lively and most varied in its emotions, 
and if some give the stroke of the evil eye unconsciously to those they 
love, how much more must the effect be when malignant will is added to 


the force of nature.” 


Cited by Burton, Anatomy of Melancholy, 1652. 
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In a previous study" utilizing radiosodium 
(Na™) as a tracer, we reported the steady 
state ratio of the sodium of the plasma water 
to sodium of the aqueous to be 0.920 in the 
guinea pig. It was suggested at that time 
that this large excess of sodium in the aque 
ous over that in the plasma water of the 
guinea pig might be due to the passage of 
water from the aqueous through the cornea 
to the tears with the consequent concentra- 
tion of sodium in the aqueous. It was also 
pointed out that this low plasma-aqueous 
ratio for sodium in the guinea pig might be 
evidence for the presence of a secretory 
mechanism which is absent in other species. 
The present work is concerned with in 
vestigating the possibility that the sodium of 
aqueous of the guinea pig is concentrated by 
the passage of water outward through the 
cornea to the tears and with studying the 
steady-state ratio in another species, the mon- 
key. The methods used in the previous study 


were further refined for this investigation. 


Radioactive sodium (Na*™) was prepared 
in the 60-inch eyclotron of the Department 
of Terrestrial Magnetism, Carnegie Institu 


tion of Washington. Magnesium (Mg**) 
was bombarded in the cyclotron with 16 


million electron volt deuterons (D) with the 


following reaction: 
+ ,D* > ,,Na™ 4 


( Na**) 


The radiosodium was separated 
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chemically from the magnesium and_ the 
sample was assayed by radioactive methods 
for the purity and concentration of its 
radiosodium 

The guinea pigs were of mixed sexes, 
weighed between 500 and 1,000 gm. and 
were fed rabbit pellets and fresh greens. 
Friedenwald and co-workers? have shown 
that vitamin-C deficient guinea pigs may 
have a lowered rate of formation of intra- 
ocular fluid. As a precaution against vita- 
min-C deficiency in our guinea pigs about 
half received 50 mg. of ascorbic acid every 
other day for two weeks prior to the experi- 
ment. There was no evidence of vitamin 
deficiency in either group and no difference 
between the two groups in the experimental 
results 

The monkeys were young adolescents of 
sexes and weighed approximately 
three kg. fed a 
wheat, soy beans, and dried milk which was 
fortified with vitamins A, C, and D. They 
were healthy, normal animals which had 


mixed 


They were mixture of 


been inoculated with poliomyelitis virus but 
had not become infected. 

The experiments were performed in a 
similar manner on both the guinea pigs and 
monkeys. The animals were injected intra 
peritoneally with 0.75 cc. per kg. of a solu 
tion containing about 4.0 mM/cc. of radio 
sodium (Na**) and with a radioactivity of 
4.0 microcuries per cc. 

After 24 hours, the animals were ether- 
ized briefly and a sample of aqueous was 
removed with a calibrated micropipette. A 
Kinsey pipette was used to draw the aque- 
ous from the monkey while still smaller 
pipettes were used to draw the aqueous 
from the guinea pig. The sample was ad- 
justed to one of the calibration lines and 
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TABLE 1 
OPEN-LID VERSUS CLOSED-LID EYES 


STEADY-STATE RATIO OF SODIUM OF WATER OF PLASMA/SODIUM OF AQUEOUS 


Guinea Pig 


Type of Pet Aet 
No Eve uM Nat/kg. HO aM Na*/kg. HO Pe/Ac 
: ry open 7.305 7.327 0.997 


closed 


6 open 3 
closed 


7 open 4 
closed 


8 open 3 
losed 

9 open 3 
closed 


* Na =sodium tagged with Na®. 


993 


2.957 1.018 


3.869 1.005 
036 3.183 0.954 
3.101 0.979 


t Pe =concentration in plasma of *Na when aqueous is at equilibrium in the plasma. 
t Ae =concentration of Na™ in aqueous at equilibrium. 


then delivered to a small disc of filter paper 
which had been previously cemented* to the 
center of a copper disc. The sample was 
spread evenly over the filter-paper disc. 

To assure the same absorption of radioac- 
tivity from the plasma and aqueous samples, 
the same amount of nonradioactive plasma 
was added to the aqueous samples as was 
used for the plasma determinations, 

Immediately after the sample of aqueous 
was removed, blood was taken by cardiac 
puncture. Samples of the plasma or serum 
were measured in the same pipette as the 
aqueous and were adjusted to the same cali- 
bration line as used for the corresponding 
sample of aqueous. These samples were also 
delivered onto filter-paper discs cemented on 
copper. An equal amount of water was 
added so that a similar amount of water and 
plasma protein was present on both the 
aqueous and plasma discs. The samples were 
allowed to dry at room temperature. Meas 
urements of the radioactivity of the samples 
were made with a Geiger-Miuller tube and 
scaling circuit. The radioactivity of the 
samples was converted into micromoles of 
tagged sodium. 

The amount of water in the guinea pigs’ 


*Multi Lok diluted with toluene. 


plasma was determined by drying weighed 
samples of plasma and subtracting the 
weight of the residue. The solids were found 
to be 5 percent of the total weight. The 
amount of water in the monkeys’ serum was 
measured in the same manner and was 
found to have approximately & percent of 
solids. The error involved in assuming the 
aqueous to be entirely water is less than 0.5 
percent and consequently no correction was 
made for its salt content. 


EXPERIMENTS AND RESULTS 

Three separate sets of experiments were 
performed utilizing these techniques, 

a. The steady-state ratio of the sodium of 
the plasma water to sodium of the aqueous 
in guinea pigs which had one set of eyelids 
closed for 24 hours prior to the removal of 
the samples. 

This closed eye experiment was concerned 
with the role of the cornea in water trans- 
fer from the aqueous. In this series of ani- 
mals one eye of each animal was clipped shut 
using two wound clips. Care was taken to 
approximate the lid margins equally. This 
afforded complete closure of the lid and, 
when the lids were opened 24 hours later, 
no damage to the cornea was observed. 


The experiment was so designed that the 
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“open eye” would function in a normal man- 
ner with the tears passing over the cornea 
and evaporating to the outside atmosphere. 
On the other hand, the tears could not 
evaporate from the opposite or “closed eye” 
because of the closed lids. Steady-state 
studies were done on these animals with 
exactly the same procedure described above. 

In Table 1 the steady-state ratio of the 
sodium of the plasma water to the sodium 


TABLE 2 


STEADY-STATE RATIO OF SODIUM OF WATER OF 
PLASMA/SODIUM OF AQUEOUS 
Guinea Pig 


Pet Aet 
No. Na*/kg. Na*/kg. Pe/Ae 
Hy H,O 
1 4.307 4.410 0.977 
4.318 0.977 
2 5.979 5.972 1.001 
6.102 5.894 1.035 
5.195 5.407 0.960 
5.426 0.957 
4 §.177 5.499 0.941 
5.208 0.993 


8 4.891 3.949 0.985 


0.954 


6.031 6.352 0.949 


0.968 

4 6.153 6.542 0.941 
6.042 6.619 0.193 

15 5.178 5 386 0.961 


* Na =sodium tagged with Na®. 

t Pe =concentration in plasma of *Na when 
aqueous ts at equilibrium in the plasma 

¢ Ae =concentration of Na™ in aqueous at equi- 


librium. 
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of the aqueous is compared in the “open” 
and “closed” eyes of the guinea pig. It is 
seen that there is no significant difference 
in the steady-state ratio between these two 
types of eyes. 

b. The steady-state ratio of the sodium of 
plasma water to sodium of the aqueous in 
the normal guinea pig. 

The average steady-state ratio of the so- 
dium of the plasma water to sodium of 
the aqueous of the guinea pig was 
0.977 + 0.0055 (table 2). 

c. The steady-state ratio of the sodium of 
the plasma water to sodium of the aqueous 
in monkeys. 

The average steady-state ratio of the so 
dium of the plasma water to sodium of the 
aqueous of the Macacus rhesus was 1.15 + 


0.014 (table 3). 


TABLE 3 


STEADY-STATE RATIO OF SODIUM OF WATER OF 
PLASMA/SODIUM OF AQUEOUS 


Monkey 
Pet Aet 
No. Na*/kg. Na*/ke. Pe/Ae 
H,0 


1.092 972 


1.059 


; 1.039 951 1.093 


r 1.130 903 1.251 
1&8 


0.971 


22 25 

206 1.170 

8 1.151 0.994 1.187 
0.929 3.2 


1. 
X =1.150 
+ =0.014 


* Na =sodium tagged with Na®. 

t Pe =concentration in plasma of *Na when 
aqueous is at equilibrium in the plasma. — 

$ Ae =concentration of Na® in aqueous at equi- 
librium. 


= 
he 
5 7.305 327 907 
6 3.011 2.987 1.018 0.969 1.127 
4.993 0.963 2 0.908 1.166 
9 3.036 3.183 0.978 1.062 
212 1.076 1.127 
10 6.545 6.75 0.969 4 
1.044 1.161 ge 
12 $927 5.806 1.021 
13 6.501 6.368 1.020 0.935 1.038 
X =0.977 
+ =0.0055 
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DIscussION 

The cornea is permeable in both directions 
to water,® and we previously suggested that 
the excess of sodium in the guinea-pig 
aqueous might be due to the passage of 
water out through the cornea to the tears 
with the subsequent concentration of sodium 
in the aqueous. The closed-lid experiment 
was designed to test the effect of the evapora- 
tion of the tears on the concentration of 
sodium in the aqueous, There was no signifi- 
cant difference between the steady-state ra- 
tio of plasma to aqueous in these “closed 
eyes” and the normal “open eyes.” 

It is concluded from these experiments 
that there is no significant loss of water 
from the aqueous through the cornea due to 
the increased osmotic pressure of the tears 
exposed to drying in the “open eyes.” 

In our previous report on the steady-state 
ratio of sodium between the plasma and the 
aqueous of the guinea pig' we reported a 
ratio of 0.920 + 0.033. We used a short 
half-life radiosodium (Na**) and measured 
the quantity of aqueous and plasma gravi- 
metrically. In the present study, using a 
long half-life radiosodium (Na™) and a 
more accurate volumetric method to meas- 
ure the quantity of the sample, the steady- 
state ratio was found to be 0.977 + 0.0067. 
Soth studies indicate an excess of sodium 
in the aqueous of the guinea pig relative 
to that in the plasma water. 

To our knowledge there is no experi- 
mental value for the ratio of the total plasma 
sodium to the dialyzable plasma sodium in 
the guinea pig. An excess of sodium in the 
plasma over that of the dialysate is to be 
expected on the basis of the Donnan factor 
and possibly also because of the decreased 
sodium activity in the presence of proteins 
(bound sodium of Green and Powers* and 
Ingraham, Lombard, and Visscher®), We 
performed preliminary experiments to meas- 
ure this ratio. 

Guinea pigs were injected intraperitone- 
ally with radiosodium four days prior to 


removal of plasma. The blood was drawn 


under oil, allowed to clot, and centrifuged, 
and the serum was placed in a cellophane 
sack, The sack was then placed in approxi- 
mately isotonic buffered Locke's solution in 
a tube in a desiccator. The desiccator was 
filled with a mixture of 5-percent carbon 
dioxide in nitrogen. A capillary column was 
tied into the sack and the pressure of the 
plasma adjusted to compensate for the 
plasma protein osmotic pressure. 

Aliquots of the Locke's solution and 
plasma were analyzed for radiosodium after 
24 hours, using the copper-dise techniques 
and a Geiger counter in the manner already 
described. A similar experiment was per- 
formed in which the radiosodium (Na**) 
was added to normal guinea-pig serum in 
the sack and the experiment was then per- 
formed as has been described. 

There was a 5 to 8 percent excess of 
sodium in the plasma water. This excess 
of 5 to 8 percent represents the total excess 
of sodium in the plasma water versus the 
plasma dialysate and at least part of this 
excess is to be attributed to the Donnan 
factor. More carefully controlled dialysis 
experiments are necessary to determine the 
exact value of the Donnan factor. 

In determining whether or not the aque- 
ous of the guinea pig is similar to, or differ- 
ent from, a dialysate, the evidence from our 
in vivo and in vitro experiments points 
to a total excess of over 7 percent of sodium 
of aqueous over sodium of plasma dialysate. 


This indicates that sodium is probably se- 


creted into the aqueous of the guinea pig. 

Our studies of the steady-state ratio of 
sodium between the plasma water and aque- 
ous of the monkey show a distinctly higher 
ratio than we found in the guinea pig. At 
present we are unable to explain this dif 
ference. 

SUMMARY 


1. Radiosodium (Na**) was used as a 
tracer to study the distribution of sodium 
between the plasma and aqueous of the 
guinea pig and of the monkey (Macacus 
rhesus). 
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2. The increased osmostic pressure of the 
tears exposed to drying in the normal guinea 
pig’s eyes does not cause a significant loss 
of water from the aqueous through the 
cornea. 

3. The steady-state ratio, sodium of the 
plasma water to sodium of the aqueous, was 
found to be 0.977 + 0.0055 in the guinea 
pig. In the guinea pig there is over a 7- 
percent excess of the sodium of the aqueous 
over that of the sodium of the plasma di 
alysate. 

4. The higher concentration of sodium in 
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the aqueous, compared with the sodium 
plasma dialysate in the guinea pig, points to 
the probability that sodium is secreted from 
the plasma into the aqueous of this species. 

5. The steady-state ratio, sodium of the 
plasma water to sodium of the aqueous, was 
found to be 1.150.014 in the monkey 
(Macacus rhesus). 
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Dr. V. Evererr Kinsey (Boston): I 
have performed similar experiments on 
guinea pigs using ordinary analytical tech- 
niques and have confirmed the results re- 


AN ANALYSIS OF THI 


D1scuUSSION 


DETACHMENT OF THE RETINA IN YOUNG ADULTS* 


rREATMENT OF A YOUNG AGE GROUP AT AN Army GENERAL HospPITAL 


ported by Dr. Scholz. In rabbits, my results 
were similar to those obtained by Dr. Scholz 
in the monkey. 


Austin I. Fink, M.D. 


The successful treatment of detachment 


of the retina has only been realized within 
the past 20 years. It was in 1929 that Jules 
Gonin first described his method of sealing 
retinal tears and evacuating subretinal fluid 
by means of a galvanocautery. Safar, Weve, 
Larsson, and others then developed the dia 
thermy methods of treatment, variations of 
which are employed today, Chemical cau 
terization was first advanced by Guist, and 
Lindner and Pischel were responsible for re 
Viving interest in the scleral resection opera 
tron 


*From the Valley Forge General Hospital, 
Phoenixville, Pennsylvania 


Brox »ki yn, New York 


At the time of World War I, there was, 
therefore, no satisfactory method of treat- 
ment for detachment of the retina. World 
War II, however, came in an era when the 
successful treatment of such cases was by 
no means an uncommon event. An op- 
portunity was offered to study the results of 
operative treatment of retinal detachments 
in a young age group accumulated over a 
relatively short period of time. 

In civilian practice the average case of 
retinal detachment falls into the age group 
of 50 to 60 years. A critical study of the age 
group presented in this paper would enable 
one to compare and contrast these observa- 
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tions with those derived from the analysts 


of detachments acquired at an older age. 
Serious ophthalmologic cases were sent to 
a few general hospitals designated as “Army 
Eye Centers,” which made possible the ac 
cumulation of a number of cases of this 
condition. No attempt has been made to 
compare one operation with another because 
so many different ophthalmologists were re 
sponsible for the various operations. The 
following report is presented as a statistical 


survey of the outcome of those cases 


(;ENERAL STATISTICS 


a. Source of material. A group of SO 
unselected cases is analyzed, Beginning in 
January, 1945, and ending in January, 1948, 
139 operations were performed on this group 
by 18 different physicians. An operation was 
considered successful when a complete at 
tachment of the retina was obtained. How 
ever, it should be mentioned that in two of 
the 80 cases a very small area of detachment 
still remained. These two cases were con 
sidered in the successful category,’ because 
the areas were completely surrounded by in 
duced choroidal reaction 

b. Age group. There were 14 patients 
between the ages of 17 and 19 years; 48 
patients from 20 to 29 years; 14 patients 
in the 30- to 39-year-old group; and only 
four patients from 40 to 49 years of age. 

c. Sex. Of the 80 patients, 77 were male 
and three female. 

d. Race. Seventy-six patients were white 
and four were Negro. 

e. Trauma. There were 50 cases due to 
injuries and 30 nontraumatic cases. Thirty 
of the 50 traumatic cases (00 percent) were 
battle injuries, 26 being penetrating wounds. 

f. Technique of Operation, A total of 139 
operations were performed. Electrocoagula- 
tion by means of the Liebel-Flarsheim unit 
was the most frequently employed method 
although the Lacquererre electrode was used 
occasionally in the period from January, 
1945, to March, 1946. On six separate occa 
sions the ball electrode was employed when 
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the size of the retinal rent was very exten 
sive. In all, 120 operations were performed 
using the electrocoagulation method. 

A total of eight scleral resections, four 
electrocoagulations with scleral trephination, 
and three Guist procedures comprised the 
remainder of the operations. 

When indicated, the patients were kept in 
bed for one week prior to surgery. To in- 
duce nonoperative absorption of subretinal 
fluid, their eyes were either bandaged or 
covered with pinhole goggles. After opera 
tion, the patients were routinely kept with 
both eyes bandaged for a period of three 
weeks. In cases with a favorable result, pin 
hole goggles were then employed for a 2 
or 3-month period. The patients were ob 
served for 4 to 6 months after operation be 


fore final disposition was made. 


STATISTICAL OBSERVATIONS 


a. General. Of 80 operated cases, 45 (50 
percent) were successful, and 35 (44 pet 
cent) were not successful. 

b. Battle injuries. There were 30 such 
cases—10 (33 percent) in which the results 
were favorable and 20, unfavorable. 

c. Penetrating injuries. Favorable results 
in these cases were infrequent. Of 28 cases, 
only nine (32 percent) were successful. In 
the group of nonpenetrating wounds, how 
ever, the results were more favorable. There 
were 52 cases with 36 (70 percent) reattach- 
ments, 

d. Trauma, These cases were grouped as 
direct or indirect according to the method 
advocated by Knapp.° Table 1 illustrates 
the results obtained. 

Among the 42 cases due to direct trauma 
were 28 cases of penetrating intraocular in 
jury, which explains the low percentage of 
success in this category. In the average series 
of retinal-detachment cases, the incidence 
would not be so great since the patients 
would not have been subjected to wartime 
conditions. 

e. Complicating uveitis. The diagnostic 
criterion for uveitis was the presence of 
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OPERATIVE RESULTS OBTAINED IN 80 CASES OF RETINAL DETACHMENT 


No. Cases 


Type 


Traumatic 


a. Direct 42 
b. Indirect s 
Atraumat 30 


beam and cells in the anterior chamber and 
sometimes a fundus lesion. Vitreous floaters 
were, for the most part, discounted in es 


tablishing this diagnosis since they could be 
demonstrated in practically every case. 
There were 26 such cases, seven (27 percent ) 
with a favorable outcome. Those cases with- 
out complicating uveitis comprised a group 
of 54, of which 38 (70 percent) showed suc 
cessful results. 

f. Cases without penetrating injury or 
complicating uveitis, Statistics im this group 
are more favorable since the complicating 
factors of penetrating injury and uveitis are 
absent. Of the 80 cases, 41 had neither of 
these two complicating factors, and the inci- 
dence of success was 83 percent (34 re 
attachments). When both penetration of the 
globe and uveitis were present, only four 
(27 percent) of the 15 cases were success 
ful 

» Disinsertions. A group of 27 proved 
cases was tabulated, of which 19 (70 per 
cent) had successful outcomes 

h Holes and tears. No attempt was made 
to classify the varieties and locations of the 
holes 20 
eases demonstrated visible evidence of holes 
tears. In 14 


ittachment after operation | 48 percent) No 


tears. or disinsertions. A series of 


und /or cases, there was re 


ittempt has been made to compare results in 


RESULTS IN RELATION TO TIME 
DETACHMENT AND OPERATION 


Time 


months 
6 months 19 
1 vear 10 


years 1 


Successful 


Successful 


Unsuccessful 


> Success 


16 26 38 
6 2 75 
23 7 73 


cases with holes to cases with tears. Only 
six cases gave visible evidence of a hole in 
the retina while 23 cases demonstrated a 
retinal tear. It was felt that no accurate con- 
clusions could be drawn from analyzing such 
a group. 

In the series of cases with holes, tears, and 
the 
continuity of the retina was noted in 56 cases 
or 70 percent of the total 80 cases. In the 


disinsertions, a visible dissolution in 


remaining 30 percent of cases there were 
many patients in whom an adequate view 
of the fundus for proper diagnosis was 
unobtainable due to dense vitreous opacities 
induced in particular by penetrating wounds. 

i Relation of time of origin to time of 
operation. These data can be most easily 
understood by consulting Table 2, which 
illustrates that the prognosis for success was 
better when the patient was operated soon 
after the origin of the detachment. 

j. Incidence of success in relation to num- 
ber of operations per case. An analysis of 
Table 3 indicates that prognosis was best 
in those cases which reattached after one 
operation. 

k. Refractive error. Seventy-one patients 
were emmetropic. The criteria for emmetro- 
pia in this series was arrived at arbitrarily. 
Those patients whose refractive error fell 
within the plus-1 to minus-1 range were con- 


rABLE 2 


ELAPSING BETWEEN ORIGIN OF 


Unsuccessful 7, Success 


33 17 68 
9 10 47 
4 6 36 
0 1 


at 
4 
7) 
wae 
| No. Cases 


sidered emmetropic. Seven patients were 
myopic and two were hyperopic. Because of 
this small series of refractive errors, it was 
assumed that a statistical evaluation would 
be meaningless. 


TYPES OF OPERATIONS 


A total of 139 operations were performed 
upon the 80 cases. In 128 of these operations, 
electrocoagulation was employed, and, in 
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TABLE 3 


ens is confirmed by the statistics herein pre 
sented. 

4. By far the greatest number of suc- 
resulted when the retinas 
attached after the first operation. 


cesses became 


ANALYSIS OF SUCCESSES 


The most striking observation was that, in 
the absence of both uveitis and penetrating 
ocular injury, the incidence of success was 


RESULTS IN RELATION TO NUMBER OF OPERATIONS 


No. Operations No. Cases Successful Unsuccessful ©), Success 
38 28 10 

> 30 14 18 47 
More than 2 12 3 9 25 


four instances, in addition to electrocoagula- 
tion, a trephination was performed over the 
site of greatest detachment. 

In only three patients was the Guist pro- 
cedure tried, and then only as a last resort 
after the electrodiathermy had 
failed. The scleral resection operation was 


standard 


attempted in eight cases. Three were suc- 
cessful. Of the five unsuccessful results, 
three of the cases had been subject to at 
least one reattachment procedure prior to 
the scleral resection. In view of the small 
number of this further 
analysis of these cases has not been carried 
out. 


cases in series, 


DIscUSSION 

Certain observations closely parallel those 
obtained in studying retinal detachments of 
an older age group. 

1. The over-all incidence of success (56 
percent) compares closely with the statement 
of Duke-Elder* that 50 percent of detach- 
ments can be cured. 

2. The higher incidence of success ob- 
tained in cases of disinsertion as compared 
with holes and tears follows previous obser- 
vations.** 

3. The observation that the incidence of 
success falls off as the time between origin 
of detachment and time of operation length- 


83 percent in 41 cases. Although this cer- 
tainly represents a very high number of suc- 
cessful reattachments, there are certain fac- 
tors which in part explain this observation, 

Age must be considered a decisive factor 
for 77 percent of the cases were in the age 
group, 17 to 30 years. The blood supply to 
the retina and choroid in such a low-age 
group has undergone little, if any, degenera 
tive change. 

The blood supply of the choroid, including 
the lamina vitrea and the contiguous pig- 
ment epithelium of the retina,® is particu- 
larly affected by age. The walls of the vessels 
of the choriocapillaris become thickened. 
Hyalin degeneration may occur, which some- 
times results in the complete obliteration of a 
vessel, The larger choroidal vessels, particu- 
larly the arteries, show varying amounts of 
degeneration.” The capillary net is much more 
irregular in elderly people, some vessels being 
almost occluded, while others exhibit com- 
pensatory dilation. 

Maintenance of the vascular integrity of 
the choroid is necessary for the successful 
outcome of a detachment operation. The pro- 
duction of a satisfactory exudative reaction 
is the surgical objective. The later necessary 
absorption of these products of exudation, 
as well as the subretinal fluid, is a function 
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of the posterior uvea. This concept was 
stated very clearly by Arruga."’ One might 
assume, therefore, that the presence of senile 
changes in the choroid would hamper the 
chances of operative success. 

The nutrition of the retina likewise must 
remain undisturbed in order to obtain satis- 
factory results in treating retinal detach- 
ments, The retinal vascular changes found 
in an older age group were, for the most 
part, not encountered in this series 


\NALYSIS OF FAILURES 


The two most striking causes for opera 
tive failure were the presence of (1) penetra 
ting injury and (2) uveitis. When both of 
these complications were present, the inci 
dence of success in 15 cases was reduced to 
27 percent. 

It is certainly not difficult to understand 
why operative prognosis should be poor in 
the presence of a retinal detachment second 
ary to a perforating ocular wound. Both 
extensive retinal and choroidal destruction 
predispose to failure. Then, too, the destruc- 
tion of the vitreous, caused by a foreign body 
traversing the globe, may lead to the de- 
velopment of vitreous bands, which adhere 
to both choroid and retina and thereby in- 
crease the chance of operative failure. 

Moreover, penetrating injuries predis- 
pose to uveitis, as evidenced by the fact that 
16 of the 26 cases in which uveitis was 
present had a history of penetrating injury. 

In view of the importance of maintaining 
the imtegrity of the choroid, it is easy to 
appreciate why the presence of uveitis may 
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be responsible for operative failure. When 
the choroid cannot satisfactorily absorb 
either the subretinal fluid or the products 
of exudation induced by surgery the inci- 
dence of success is reduced. 

Finally, in discussing reasons for failure, 
it should be mentioned that the inability to 
locate a hole, tear, or disinsertion reduced 
the chances for a successful outcome. This 
was the situation in 24 cases, 11 (46 per- 
cent) of which were successfully treated. 
On the other hand, visible evidence of disso 
lution in the retinal continuity was noted 
in 56 cases (70 percent of the total) with 
success in 60 percent, 

CONCLUSIONS 

A group of 80 unselected patients in a 
young age group, received a total of 139 
operations for retinal detachment, with an 
over-all incidence of success in 56 percent 
of the cases. 

The high incidence of success in those 
cases without severe complications is attri 
buted principally to the healthy choroidal 
and retinal vasculature present in young 
persons. In addition, visible disruption in the 
retina (holes, tears, and disinsertions) were 
found in 70 percent of the cases. 

Causes for failure were, for the most part, 
attributed to the complicating factors of 
uveitis and penetrating injury. 
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STUDIES OF THE EYE WITH RADIOIODINE AUTOGRAPHS* 


LUDWIG VON SALLMANN, M.D., AND Beatrice Ditton, M.A. 
New York 


Photographic techniques have been applied 
to tracer studies on the eye with radioactive 
sodium phosphorus 
and sulphur (S*).* The suitable half life 
of radioiodine (1'*') 
suggested the use of radioautography to re 


and its availability 


investigate contradictory data on the dis- 
tribution of iodine in the eye as reported in 
the old literature.** Furthermore, the prob- 
lem of quantitative evaluation of radioauto 
graphs of the eye could be well studied with 
this labeled indicator. From a practical view 
point the experimental results might add to 
the rationale of ocular iodine therapy. 


MATERIALS AND METHODS 


Young, mature, albino rabbits were used 
m the study 
(I***) was supplied by the Department of 
Radiological Research of the College of Phy 


Radioactive inorganic iodine 


sicians and Surgeons in the form of a solu 
tion of the carrier-free sodium salt. Radio 
autographs were made from fresh-frozen 
slices of the eve or from 10 micron paraffin 
sections according to the methods described’ 
in the study of Na®* with minor modifica 
tions. 

slices cut 


In the “macro” method 


to 1.5 mm 


were 
thinner (1 instead of 2.5 mm. 
thick) in the later part of the study. In the 
“micro” method an attempt was made to 
substitute a dry freezing technique’ for the 
fixation procedure using absolute alcohol 
or acetone prior to infiltration with paraffin 
in order to avoid loss of the indicator during 
fixation. 


Frozen slices of the eye were dehydrated 


* Supported by the Knapp Memorial Foundation. 
From the Department of Ophthalmology, College 
of Physicians and Surgeons, Columbia University, 
and the Institute of Ophthalmology, Presbyterian 
Hospital. Read in part at the 18th scientific meeting 
of the Association for Research in Ophthalmology, 
Inc., Philadelphia, June, 1949 
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in vacuo, imbedded in paraffin, and cut. 
Under gentle heating, the sections were 
mounted on slides which had a thin coat of 
egg albumin. In conformity with the tech- 
nique of Hamilton and co-workers” the sec 
tions and the film were kept in close contact 
for the time of exposure (about 10 days), 
then the two parts were separated for stain 
ing of the section and developing of the 
film (4% minutes, Eastman Kodak devel 
oper D11, temperature 20°C.). The final 
preparation was obtained by superimposing 
and aligning the tissue landmarks with the 
corresponding details in the radiograph. 


IONTOPHORETIC TRANSPORT OF RADIOIODINI 

Technique. The labeled element was in- 
troduced through the cornea by cathode or 
anode iontophoresis (2 ma. 5 minutes) from 
a solution of radioiodide which had an ac 


tivity of 100 microcuries per cc. Local an 
esthesia was induced with dibucaine hydro 
chloride (0.1 percent). The films were ex 
posed 15 hours and developed four minutes. 


Results. One or hours after ion- 


tophoresis from the cathode, the cornea in 


two 


the frozen slices gave the greatest photo 
graphic effect. The darkening of the film 
by radiations from the tracer in the iris was 
less marked but much more definite than 
that seen in the region of the anterior cham- 
ber. Under the conditions of the experiment 
almost no photographic effect was visible in 
the area of the posterior portion of the eye, 
except for a dim contour of darkening along 
the external coat (fig. 1). The outlines of 
the anterior part of the eye were faint in 
radiographs four hours after treatment. The 
film showed only a slight shading when the 
anode had been used as the active electrode 
for five minutes at two milliamperes one 
hour before enucleation. 

There was a striking difference between 


the radiographs produced in an electric field 
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by I'** and those produced by Na™ in a 


previous study (fig. 1). A homogeneous 


blackening of the photographic emulsion 
corresponded to the entire anterior chamber 
after introduction of Na*™* by anode ion- 
tophoresis; whereas, selective darkening of 
the film along the walls of the anterior cham- 
ber characterized the radiographs in the ex- 
periments on cathode iontophoresis with I’. 


a 


Fig 


Comment. The almost negative photo 
graphic results observed after anode ion- 
tophoresis, in contrast to the results obtained 
with cathode iontophoresis, indicated that 
true ion transfer of the radioactive indicator 
was the important factor in its penetration 
through the cornea. Damage of the corneal 
epithelium under the anode, allowing diffu- 
sion of the undissociated salt, had obviously 
a minor effect on penetration. 

It was noted by Steindorff* that the 
amounts of iodine determined in the aque- 
ous humor following iontophoretic intro- 
duction of relatively concentrated solutions 
of sodium iodide (two percent) at two mil- 
liampere for two minutes were low and 
varied greatly. 

The autoradiographs suggested that the 
labeled compound was adsorbed to proteins 
within the anterior chamber. Erratic results 
must be anticipated because the protein con- 
tent of the aqueous humor increases irregu- 
larly during the iontophoretic procedure 
The concentration of radiotracer in the 
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aqueous humor obviously could not provide 
information about the amount present in the 
walls of the anterior chamber. 


DIsTRIBUTION OF ]'™' IN THE EYES AFTER 
SYSTEMIC ADMINISTRATION 


1. General technique. The intraperitoneal 
route was chosen for systemic introduction 
of the tracer material into the rabbit. One 


b 


1 (von Sallmann and Dillon). Radiographs of frozen slices of rabbit eyes two hours after corneal 
iontophoresis. (a) With I™, (b) with 


millicurie of 1’ was the usual dose and is 
equivalent to 0.0081 yg. The concentration 
of the radioisotope was one millicurie in 5 
cc. of distilled water. The animals were 
killed by exsanguination from the heart, 1, 
2, 4, 6, 24, or 48 hours after injection. Ter- 
mination of the experiments by perfusion 
from the heart with Ringer's solution did 
not prove satisfactory for this type of ex- 
periment. Fourteen rabbits were used. 

In a series of four rabbits the distribution 
of I'™ was studied in eyes with corneal ul- 
cers, and in eyes with experimental en- 
dophthalmitis. The corneal ulcers were labo 
ratory infections of unknown etiology. En- 
dophthalmitis was produced with an 18-hour 
broth culture of a pathogenic strain of 
Staphylococcus aureus in a dilution of 10°. 
An amount of 0.05 cc. was injected into the 
anterior chamber or 0.02 cc. into the vitreous 
space 20 hours before the animal was to re- 
ceive the tracer dose. The eyes were re- 
moved 1 or 2 hours after injection. 

2. Technique of densitometry on radio- 
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autographs of frozen slices of the eye. Light 
transmission was measured on a densitom- 
eter with an opening for the light of 0.34 
mm. in diameter (fig. 2). The film with the 
radioautograph was fastened by strips of 
scotch tape on a slide and moved in close 
contact with the opening by means of a 
microscope mechanical stage equipped with 
Vernier scale. The instrument was com- 
bined with a sensitive electronic spot pho- 
tometer with a direct reading density scale.* 
Thus diffuse density was determined by 
measuring all the emergent light. 

3. Technique of correlating densities in the 
radioautographs to radiation values in cali- 
brated standards. Frozen agar discs of prop- 
er dimensions were employed as calibration 
source. Radioiodine was added to a three- 
percent solution of agar and, after thorough 
mixing and cooling, discs were cut which 
measured 10 mm. in diameter and 2.5 mm 
in thickness. The radioactivity of the 
tracer atoms dissolved in agar increased in 
arithmetic progression from 0.05 to 2 micro 
curies per ce. The content of I in the 
discs was measured in the G. M. counter in 
several instances. 

The discs were then frozen in a carbon- 
dioxide-alcohol mixture and placed against 
ultra-speed X-ray dental film. Time of ex- 
posure and technique of development of the 
film were identical to that used for the 
radiographs of the frozen slices of eyes in 
the respe ctive 


experiments. The photo- 


graphic effect of the calibrated standards 


then served for the interpretation of the 
density readings of the radiographs from 


the eves in terms of radioactivity. 


RESULTS 


Radiographs of frozen slices of normal 
eyes enucleated one hour after intraperi 
toneal injection again revealed preferential 
localization of radioiodine in the cornea, At 
this time the periphery of the cornea seemed 


* Photovolt photoelectric transmission densitom- 
eter with extended dial. 


to contain more radioactive material than the 
central part. The accumulation of reduced 
silver granules along the landmarks of the 
anterior uvea and of the inner and outer 
coats of the posterior segment contrasted 
with the moderate darkening of the film in 


areas corresponding to the anterior chamber 
vitreous space, and optic nerve. The lens 
did not have any effect on the film emul 
sion and appeared as a clear area in the 
autographs. 

The distribution of 


darkened regions 


Fig. 2 (von Sallmann and Dillon). Densitometer 
used on radiographs. 


showed a slight shift when eyes enucleated 
4 and 6 hours after injection were examined. 
At the six-hour interval, a fine network pat 
tern became visible in the vitreous part and 
the density of the film in the region of the 
optic nerve approached that of the neighbor 
ing structures, At the 24-hour interval these 
changes were accentuated and a distinct line 
of increased darkening was occasionally 
seen to correspond to the posterior surface 
of the lens (tig. 3). 

The infiltrated parts of the ulcerous cor- 
nea caused more intensive darkening of the 
film so that it seemed that the labeled iodine 
was moderately concentrated in the area of 
infiltration. Endophthalmitis induced by in- 
oculating the anterior chamber or the vitre- 
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Fig 3 (von Sallmann and Dillon). (a) Frozen eye slice Radiographs of frozen slices of rabbit eyes 


at (b) one hour; (a') two hours; (c) six hours ; 
(one microcurtie 


ous space resulted obviously m a consider 
able increase of the radio-element in the 
aqueous humor one hour after intraper 
itoneal injection of the labeled compound. In 
these radiographs the outline of the cornea 
could not be differentiated from the region 
representing the anterior chamber. In eyes 


(d) 24 hours, after intraperitoneal injection of radio 


with intravitreal infections, slightly im 
creased quantities of I'** were indicated in 
the radiographs in the area of the vitreous 
base (fig. 4). 


Radiographic images from thin paraffin 


sections of normal eyes 24 hours after 
intraperitoneal injection of I were ob- 
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Fig. 4 (von Sallmann and Dillon). Radiographs of frozen eye slices from (a) rabbit with corneal 
ulcers and (b) rabbit with experimental endophthalmitis after intraperitoneal injection of I™ (one milli- 


cure) 


tained when fixation with alcohol or acetone 
was replaced by the dry-freezing technique 
and the sections were mounted on film with- 
out being floated on water. However, meager 
information was gained from these radio 
graphs. Because of scattering effects, no 
critical localization of the source of radiation 


FILM DENSITY 
° 


MICROCURIES PER CC. OF AGAR 


A. Averoge densities of radiogrophs 
of agar discs containing 1'>!. 


was possible in the radiographic image as fat 
as membranes bordering on each other were 
concerned. It was not even possible to de- 
cide on the relative location of the labeled 
indicator in retina, choroid, or sclera, or in 
individual parts of the cornea. The second 
obstacle was the lack of histologic detail 


Rodiooctivity values (in porentheses ) 
correlcted with averoge densities in 
radiograph of frozen eye slice of 
rabbit one hour after intraperitoneal 
injection of 1'3!.(04mc. per Kg. 
body wt.) 


“ig 5 (von Sallmann and Dillon). A sample of the diagrams upon which the data were recorded 
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after the dry-freezing procedure. 

Density measurements of the radioauto- 
graphs confirmed the impression gained by 
simple inspection of the film. Because of in- 
homogeneities in the radiographic image, a 
series of density readings from each area 
were averaged to express the radioactivity 
in the individual tissues of the slices. The 
data were recorded on diagrams. Figure 5 
is a representative sample. 

With frozen agar discs as a calibration 
source, the density readings were correlated 
with values which indicated the amount of 
ionizing radiation that acted on the photo- 
graphic emulsion. When the photographic 
densities of the discs were plotted as or 
dinates against their concentrations of I’ 
as abscissas, straight lines were obtained on 
which the radiation values of the radio- 
graphs of eyes could be interpolated. These 
are expressed in the diagram by the figures 
in parentheses. Discs made from agar solu- 
tions containing 0.05 to 1.0 microcuries per 
ce, produced on the film under standard con 
ditions a scale of densities which covered 
the range of darkening in radiographs of 


frozen eve slices. 
COMMENT 


The distribution pattern of radioactive in- 
organic iodine in the eyes after systemic in- 
troduction, as seen in radiographs, differed 
greatly from that observed with radiosodium 
which is mainly confine to the extracellular 
space and from that of phosphorus which is 
characterized by intracellular penetration. 

Wallace 
similarity of experimental results obtained 


chloride 


iodides were distributed in the inorganic 


and Brodie’ concluded from the 


with iodine and thiocyanate that 
form throughout the body only in the extra- 
cellular fluid and that any chemical or physi- 
cal relationship of iodides to tissue cells is 
improbable. 

On the basis of examinations on a spe- 
cialized organ, as the eve, no issue can be 
taken on the general problem of the distri- 
throughout the body 


bution of iodides 
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Moreover, massive doses of halogens were 
employed in previous studies when com- 
pared to the present investigation. But the 
comparison of radiographs of the eye after 
systemic use of Na™ and I would 
strengthen a concept in which selective phys- 
ical forces are considered as influencing the 
distribution of radioiodine. Several other ob- 
servations support this opinion: (1) The 
low concentration of I’ in the intraocular 
fluids as compared to the content in the tis- 
sues; (2) the amount of the labeled com- 
pound in the cornea which exceeded that in 
well-vascularized tissue in spite of the high 
concentration of the tracer in the blood; 
(3) the network pattern in the radiographs 
corresponding to the vitreous space and the 
demarcation line along the posterior surface 
of the lens indicating adsorption to phase 
boundaries. 

In the old literature claims were made 
that tissues from tuberculous’® ** and strep 
tococcal' intraocular infections, of testicu 
lar syphilis,"* of experimental tumors,’* or 


transudate and exudate" 


take up more io- 
dine than normal tissues and that iodine in 
diseased tissue is present in organic combina 
tion, 

The relatively high levels of iodide in 
exudate and pathologic tissue was confirmed 
by other investigators’*® ‘* but it was felt 
that this distribution was not caused by 
chemical attraction or specific adsorption. 
On the basis of comparative experimental 
studies, Wallace and Brodie’’ proposed the 
theory that the greater concentration of io- 
dine was due to increase of extracellular 
fluid present in the diseased organs and not 
to any inherent properties of iodides. 

In the form given the hypothesis cannot 
be applied to explain the marked rise in con 
centration of the radiotracer in the aqueous 
humor and the moderate rise in the anterior 
part of the vitreous in inflammation. Here 
local hyperemia and a steep increase in 
capillary permeability for protein in the 
ciliary processes must result in augmented 
entrance of the labeled compound from the 
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blood with its high content of radioiodine. 
Its apparent accumulation in infiltrated areas 
in the cornea may be accounted for by in- 
crease of plasmoid extracellular fluid at this 
region. 

The radiographs were instructive patterns 
since the topographic relationship of the eye 
tissues was not disturbed and the macro- 
structures were well defined. They illus- 
trated the distribution of the labeled indica- 
tor in cornea, anterior chamber, anterior 
uvea, lens, vitreous, optic nerve, and the 
coats of the posterior segment of the eye, 
but did not permit localization of ['™ in 
tissue constituents; nor was it possible to 
distinguish its concentration in retina, cho- 
roid, or sclera. These tissues together gave 
radiographically a single narrow line about 
one mm. in width. 

The thin paraffin sections did not provide 
more accurate information. In historadio- 
graphs obtained 24 hours after systemic in- 
troduction of the tracer, the migration of 
the water-soluble compound by diffusion and 
partial loss in fixation seemed diminished by 
dry freezing, but accurate localization of the 
scattered reduced silver granules to details 
in the poorly preserved tissue was impossi- 
ble. 

The tortuous path of the photographically 
effective Beta particles, their straggling and 
scattering, obviated the purpose of the com- 
bination of histologic procedures and photo- 
graphic techniques for thin sections of the 
eyes. Here optimal alignment of histologic 
details to radiographs of high resolution 
would be necessary for critical readings on 
adjacent membranous structures. It is for 
this reason that no attempts were made to 
apply microphotometry on such radioauto- 
graphs although Axelrod and Hamilton had 
developed the technique.* However, frozen 
slices of the eye were adequate for estimat- 
ing the densities of the film with a photo- 
metric device. 

When 
average readings for cornea, aqueous humor, 
anterior uvea, lens, and posterior wall of the 


obvious artefacts were avoided, 


STUDIES WITH RADIOIODINE AUTOGRAPHS 


435 


eye could be obtained. Irregularities in the 
darkening within the radiographic image of 
individual structures may be caused by 
residual blood in the vascular tissues—in 
spite of exsanguination of the animals—by 
adsorption of the labeled indicator to tissue 
or phase boundaries, or by technical short- 
comings such as differences in apposition of 
the frozen slices to the film or unavoidable 
flaws in the smoothness of their surface. 
The use of calibrated standards added 
another step in the quantitative evaluation 
of radiographs of the eye. The density read- 
ings could then be expressed in terms of 
radioactivity which had acted on the film, 
Studies on absorption and back-scattering 
of Beta the 
source have not been completed. 


radiations within reference 


COMPARISON BETWEEN DENSITIES OF RADIO 
GRAPHS AND RADIOACTIVITY IN THE 
INDIVIDUAL TISSUES OF THE EYE 


The purpose of this series of experiments 
was to determine whether the density meas 
urements of radiographs signify true con- 
centrations of I'* in the ocular tissues. In 
formation on this question was obtained by 
comparing the radioactivities of tissues and 
fluids with densities of radioautographs of 
eyes from identically treated rabbits and in 
individual animals after systemic injection 
of radioiodine. 

Technique. 1. 
radioactivity in the tissues, the animals were 
killed by bleeding from the heart 24 hours 
after intraperitoneal injection of I’ (900 
microcuries per Kg. body weight) and the 
globes were removed. The serum was saved 
and diluted 1 :500 with distilled water. Aque- 
ous humor was withdrawn in a 0.25 cc. 
tuberculin syringe and measured. 

Cornea, anterior uvea, choroid, 
sclera, optic nerve, and vitreous were sepa- 
rated and weighed. In six eyes, retina, cho- 
roid, and sclera were examined together and 
in eight instances they were separated. In 
seven experiments, corneal epithelium and 
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endothelium were scraped off and weighed 
on a semimicro balance which was also used 
for weighing retina, choroid, and optic 
nerve. The wet weights were recorded. 
Errors due to evaporation were reduced by 
keeping the sample in a moist chamber. 
The tissues were finely minced in 1 cc. 
of distilled water. After 1 cc. of trichloro- 
acetic acid was added the material was al- 
lowed to stand for one-half hour at room 
temperature. Then the samples were made 
up to 6 cc. with 10-percent sodium hy- 
droxide. By stirring and warming the ma- 
terial three minutes in a boiling water bath, 
homogeneous tissue digests in alkali were 
obtained. The preliminary treatment with 


TABLE 


made on these samples were compared with 
counts made on a control solution consisting 
of radioiodine in water. 

3. Finally the possibility was considered 
that differences in self-absorption of Beta 
particles in the dilute tissue digests may 
have interfered with the results. A solution 
of radioiodine in distilled water, which con- 
tained one microcurie per cc. was prepared. 
One cc. of this solution or of distilled water 
was added to aliquot samples of tissue di 
gests (4 cc.) for measurement in the G. M. 
counter. 


RESULTS 


After adjustment to the radiation levels 


RADIOACTIVITY MEASUREMENTS ON OCULAR TISSUES AND FLUIDS OF THE RABBIT 24 HOURS AFTER SYSTEMIC 


Rabbit ( Anterior 
No ornea ives 


* 


4° 


é* 


7 oo 48 


\verage 


ves examined separately 


acid hastened the dissolving of the tissue 
Five cc. of the digests and of the diluted 
serum were measured into flat tin pans (24 
mm, diameter, 10 mm. depth) to serve as 
samples for examination in the G. M. coun 
ter (horizontal tank model). They were cor- 
rected for volume and background 

2. Passible loss of I'" which may have 
occurred during digestion of the tissue in 
heated alkali was examined in recovery ex- 
periments, Measured quantities of radioio 
dine were treated with five-percent trichloro 
acetic acid and 10-percent sodium hydroxide 
in the same proportion as used on the eye 
tissues. The mixtures were heated for three 


minutes in a boiling water bath. Counts 


Sclera 


ADMINISTRATION OF [™ (0.9 Mc. PER KG. BODY WT.) EXPRESSED IN PERCENTS OF SERUM LEVEL 


Optic 
Nerve 


Vitreous \queous 


in serum, the results were reasonably con 
sistent for the individual ocular tissues and 
fluids (table 1). Serum levels were low in 
3 out of 9 experiments. The readings on 
radioactivity in tissues were of the same 
relative order as those determined by den 
sitometry of radioautographs. Among the 
constituents of the eye, the cornea gave the 
highest relative counts although, in some in 
stances, the sclera-choroid-retina readings 
were of about the same magnitude. How 
ever, they were lower than the serum values 
per weight unit. The latter were surpassed 
only by G. M. counts of corneal epithelium 
but evaporation of the small wet samples 
(4 mg. or less) during the process of weigh 
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rABLE 2 


COMPARISON OF DENSITOMETRIC AND RADIOMETRIC MEASUREMENTS IN 24-HOUR EXPERIMENTS 


Anterior 
l vea 


( ornea 


Film Density 1.0 
4 eves) 
GM. Counts 1.0 oR 


14 eves) 


ing made the measuring of radiation for 
weight unit uncertain. 

The G. M. counts per minute on isolated 
epithelium plus endothelium were in a range 
of 10 to 45. This increases the probable 
error of the results to about 15 percent. The 
same reservation in respect to accuracy must 
be applied to the relatively low readings on 
the optic nerve. 

Taken together, isolated retina, choroid, 
and sclera had counts comparable to those 
of undissected inner and outer coats of the 
posterior segment. It could not be decided 
whether these adjacent tissues could be iso- 
lated without contamination with radioactive 
material from bordering structures. The 
overall agreement of G. M. readings with 
film densities is brought out in Table 2 
where the number of counts and the degrees 
of density are expressed in fractions of 
corneal values. 

The experiments of self-absorption of 
Beta rays in the samples and on loss of 
iodine in preparing the tissue digests in 
alkali gave uniform results. In the first 
group of tests the calculated values did not 
differ from the experimental values within 
limits of errors of the method as shown in 
Table 3. Even the greatest difference in 
chemical composition between individual 
tissue digests as, for instance, that of sclera 
and of vitreous did not indicate interference 
by self-absorption or back-scattering of the 
ionizing radiation in the liquid samples. 

Heating of the tissue digests in alkali for 
three minutes (100°C.) did not bring about 
a measurable loss of iodine under the con- 
ditions and timing of the experiment. 


with THE CORNEA TAKEN AS UNITY 


Sclera 


Vitreous 


Nerve \queous 


7 0.6 0.5 0.7 


0.8 0.5 0.3 0.7 


COM MENT 


Absorption of Beta particles varies with 
the chemical composition of the media 
through which they pass. Differences may 
occur within the heterogeneous tissues and 
fluids of the eye. Radioautographs would 
not express the actual distribution of the 
tracer if differences in self-absorption were 
present in thin slices. In this case the densi- 
ties of the radiograph would be exaggerated 
in areas which correspond to parts of the 
eye with minimal content of solids, The 
G. 


isolated ocular tissues and fluids gave evi 


measurements of the radiation in 


dence that such absorption was not of a 
magnitude that could be detected with the 
instruments and methods at hand. 

For all practical purposes radiographs of 
frozen slices showed, therefore, the relative 
concentrations of I'* in various parts of the 
eye. Studies on self-absorption of Beta ra 
diation in tissue digests and recovery experi 


TABLE 3 
EXPERIMENTS ON DIFFERENTIAL SELF-ABSORPTION IN 


DIGESTS OF TISSUFS AND FLUIDS OF THE FYFE BASED 
on G.M. COUNTER READINGS 


Expected 
Counts 
per minute 


G.M. Counts 
per minute 


Sclera a 788 790 


b 672 669 
c 560 555 
Aqueous a. 496 505 
b. 705 707 
Vitreous a 784 771 
b. 896 890 
Cornea a 562 500 
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ments of alkaline solutions of the radioactive 
indicator in heated samples gave support to 
the reliability of the G. M. measurements 
on isolated ocular tissues and fluids. 


NATURE OF RELATIVE ACCUMULATION OF 
I'*' IN THE CORNEA 


The problem of relative concentration of 
radioiodine in the cornea was approached by 
measuring in the G. M. counter the radia- 
tions in the acid soluble fraction and in the 
protein lipid residue obtained by treating the 
tissue with trichloroacetic acid. 

Technique. The excised and wet weighed 
corneas were finely shredded in 1 cc. of 
distilled water, Proteins and lipids were pre- 
cipitated with a 10-percent solution of 
trichloroacetic acid and separated from the 


supernatant acid-soluble fraction by centri- 


fugation. The residue was washed twice in 
10 ce. of the diluted acid. The washings were 
discarded. The supernatant of the first cen 
trifugate which contained most of the acid- 
soluble compounds and the washed protein- 
lipid residue dissolved by adding two per- 
cent sodium hydroxide served as samples 
for determination in the G. M. counter. Four 
experiments were carried out two hours 
after the intraperitoneal injection of the 
radiotracer and five experiments after a 
lapse of 24 hours, 
RESULTS 

No radioactivity in excess of background 
counts was recorded when the protein lipid 
fraction was examined two hours after ad- 
ministration of the indicator. The counts on 
the acid-soluble portion were in the range 
of those determined on cornea digests in 
alkali in the preceding series of experiments. 
In three instances (six eyes) very low read 
ings were registered on the protein fraction 
at the 24-hour interval. In two instances the 


results were negative 


COMMENT 


Since radioactivity could be demonstrated 
two hours after injection of the tracer ex- 


clusively in the acid-soluble part of the 
cornea, it was concluded that the radio-in- 
dicator was accumulated in the cornea as the 
inorganic salt, Twenty-four hours after in- 
jection the protein lipid residue seemed to 
have a small degree of radioactivity which 
was a minimal fraction of that determined 
in the supernatant. Assuming that the re 
peated washing had removed all traces of the 
acid-soluble part, the result would indicate 
that a small amount of radioiodine was or 
ganically bound at this time. 

Radioiodine in the plasma is supposed to 
be protein bound to about 90 percent, 25 
hours after systemic injection in rats with 
normal functioning thyroid glands.”* It is 
probable, therefore, that the insignificant 
amount of organically bound iodine at the 
24-hour interval has its origin in the protein- 
bound fraction of the plasma. 


SuM MARY 


1. The distribution of iodine was studied 
in radiographs of eyes after local and sys- 
temic use of radioactive inorganic iodine 

2. The radioactive indicator was accumu- 
lated in the cornea and to a lesser degree in 
the anterior uvea after iontophoretic intro 
duction from the cathode. 

3. A relative accumulation of radioiodine 
in the cornea as compared to other parts of 
the eye was also observed at various time 
intervals after systemic use. Ocular tissues 
contained more of the tracer element than 
the ocular fluids. Infiltrated areas in the 
cornea seemed to trap more of the radio- 
active indicator than the rest of this tissue. 
In endophthalmitis the aqueous humor and 

-in a moderate way—the base of the vitre- 
ous produced increased darkening in the 
radiographs. 

4. Radiographs of 10-micron sections of 
eyes were obtained 24 hours after systemic 
use of I'" but were not found useful for 
more accurate localization of the labeled 
compound in the tissues. 

5. A technique of densitometric evaluation 
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of radiographs for frozen slices of the eye 
was designed. The density readings could 
be expressed in terms of radioactivity by 
using as reference standards agar discs con- 
taining measured concentrations of the 
radioactive indicator. 

6, Densities of radiographic images were 
compared with the G. M. measurements of 
radiations in individual tissues or fluids of 
the eye under controlled conditions. Agree- 
ment between the results of both methods 
indicated that radiographs obtained with 
the use of I*™" expressed the true quantita- 
tive distribution of the labeled compound in 
frozen slices of the eye. 

7. Almost all of the radioiodine in the 
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cornea is extracted in the acid-soluble frac- 
tion. A minimal amount of iodine could be 
determined in the protein-lipid residue 24 
hours after injection of the radiotracer. 


We are greatly indebted to Dr. Z. Dische, bio- 
chemist, of the Department of Ophthalmology, for 
valuable suggestions in planning and executing the 
experiments in several phases of the study. Our 
thanks are due to Dr. G. Failla and Dr. E. H 
Quimby, Department of Radiological Research, 
for expert advice and permission to make use of 
the tracer supply and the laboratory equipment of 
the department; to Miss C Schmidt of the same 
department for constant codperation ; and to Miss 
P. Pfaff, Department of Ophthalmology, for help 
in the experiments on histologic procedures 
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Dr. Henry Minsky ( New York): From 
a purely anatomic point of view, Dr. von 
Sallmann’s demonstration in these pictures 
tends to prove to me that the relatively 
dense shadows thrown by the so-called “base 
of the vitreous” are really those of the zon- 
ular fibers originating from the ciliary epith 
elium of the pars plana. It is a real tissue 
and should be considered a part of the aque- 
ous system. The “base of the vitreous” it 
self is distinctly different from the body 
of the vitreous, and should be considered as 
in extension of the ciliary epithelium since 
it is the source of these zonular fibers 
(hyalo-zonular leaf) running on the face of 
the vitreous and in the hyaloid all the way 
to the posterior surface of the lens. 

Dr. FRANK Vesey (New York): I won- 
der if Dr. von Sallmann thinks that the den- 
sity of the ciliary body would mean that the 
radioactive material is carried away from 
the inside of the eyeball through that route ? 
To my mind, and of course we are all 


Discussion 


looking for things that will prove our own 
thinking and theories, it would prove that 
the channel of outflow is definitely not 
Schlemm’s canal, because | have not seen 
a single picture in which Schlemm’s canal 
area was in any way more expressed than 
the rest of the eye. 

In fact, it was less expressed on those 
photographs. I would be inclined to think 
that the route of outflow is definitely shown 
to be the ciliary body, especially the ciliary 
processes, and the iris. That again would 
mean that the whole theory of glaucoma, 
based on the single conception of mechani 
cal means—-that is, that once the chamber 
angle is obstructed then glaucoma ensues 
is untenable. 

Dr. Lupwic von SALLMANN (New 
York): It is not possible to identify in 
macroradiographs histologic structures of 
the size of Schlemm’s canal and to judge 
the amount of tracer material accumulated 


there 
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Since the advent of modern catarct sur- 
gery, the escape of the vitreous humor 
through the lips of the corneoscleral inci 
sion has been an accident feared and 
guarded against by all operators. Because 
this complication rarely or never occurs in 
the presence of normal vitreous if no ex 
ternal pressure is applied to the globe, nu 
merous ingenious means have been devised 
to relieve the eyeball of all positive external 
pressure. The large number of eyelid retrac 
tors and self-retaining speculums and thet 
modifications are proof of the unsatisfactory 
nature of most of them.’ Stevenson,’ in 
1916, stated that it would be better if, in all 
cataract operations, the eye speculums were 
discarded during the entire procedure. 

F. E. and E, P. Burch® list the two most 
frequent complications of cataract surgery 
as loss of vitreous during the operation and 
postoperative prolapse of iris, Loss of vitre- 
ous may be due to several factors, including 
an apprehensive patient and a nervous opera- 
tor, but squeezing of the lids when the 
orbicularis is not paralyzed, or pressure 
from an eye speculum, or from a partially 
everted upper eyelid, which causes the upper 
part of the tarsal plate to press into the 
globe, are the most frequent causes. Or- 
bicularis spasm is adequately controlled by 
proper and complete anesthesia and akine- 
sia; pressure from the eyelids must be 
avoided through the mechanical 
means, whether with (a) the fingers of an 
assistant, (b) the use of a metal “blepharo 
stat,” or (c) by the employment of sutures 
into or through the eyelids to raise them 


from the globe. 


use of 
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RETRACTION WITH FINGERS 


The use of the fingers for retraction of 
the eyelids was undoubtedly the first means 
employed and has been advocated even in 
comparatively recent times. Vail,* in 1916, 
said that with a cooperative patient, the only 
thing required is retraction with the fingers 
Much of Colonel Smith's success in India 
he felt to be due to the skillful help of 
Nur Ali, his 
controlling the eyelids with finger manipu 
lation. In 1927, Edeskuty® noted that, when 
working with unruly and uncooperative pa 
tients and with untrained assistants in Co 
lombia, he preferred the use of lid sutures 
but that, when he had good help and a co 


Mohammedan assistant, in 


operative patient, he would choose the fingers 
of his assistant for retraction of the lids. In 
1911, Hulen® advised control of the lower lid 
by the thumb of the assistant, and Ohm,’ 
while advocating the use of sutures for the 
upper lid, felt that adequate control of the 
lower lid was maintained by the index finger 
of the assistant. 


RETRACTION WITH BLEPHAROSTAT 


The lid speculum with its many modifica 
tions (Knapp, Murdock, Weeks, Berens, 
Beard, Wiener, and so forth) is familias 
to every ophthalmic surgeon, as are the 
various types of retractors—-the Desmarres, 
Green, Fisher, and so on. Horner* states 
that, of 15 such instruments in a surgical 
supply catalogue, none was found to keep 
pressure entirely off the globe. However, 
numerous ingenious devices to accomplish 


this function are found in the literature, none 
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of which has proved to be the ultimate an- 
swer to the problem. 

In 1915, Brownfield,” feeling that the or- 
dinary eye speculum served well enough to 
separate the eyelids but in no wise pre- 
vented pressure on the eye, devised an in- 
strument combining the principles of a re- 
tractor and an elevator, the two features 
being independently adjustable. The retract- 
ing or separating arms are of the usual type, 
and their position in the anteroposterior axis 
depends on the action of a set-screw which, 
when tightened, causes the elevating arms to 
bear on the upper and lower orbital rims, 
thus raising the lids off the globe to any 
height desired. 

In the following year, two articles ap- 
peared concerning the management of this 
problem. Vail* advised that, because the 
reflected arms of the average speculum do 
not reach far enough up on the tarsus, which 
may buckle with orbicularis spasm, in such 
in event, lifting the speculum will allow the 
lids to slip out 

Vail advocated the use of two special 
retractors, one larger for the upper lid and 
one smaller for the lower lid. These retrac- 
tors are made of hardened steel, with a 
single bar on which hangs the tarsus. On 
the end of this bar is a cross bar, curved 
to suit the contour of the globe, and to hold 
the loose tissues of the fornices. A heart- 
shaped plate near the head keeps the cilia 
out of the way, and the handle is short, flat, 
and corrugated for better grasping. 

Because of the tendency for the corruga 
for supercil and the muscles of the cheek 
and side of the nose to act synergistically 
with the orbicularis in producing dangerous 
spasm, he advised finger traction by the 


brow and down on the 


assistant up on the 
cheek so as to involve all muscles in the 
retraction 

Stevenson® advised discarding the eye 
speculum in favor of Dr. Fisher's fenes 
trated upper-lid retractor in conjunction 
with his lower-lid hook. The handles of the 


retractors were to be elevated only during 


the actual expression of the lens, so as to 
draw the lids upward and out of the orbit. 

An elaborate apparatus was designed by 
Crossley,’® in 1917, absolutely to immobilize 
the patient’s head, as well as the eyelids. 
This consists of two parts: a base with a 
pad for the patient's occiput and two metal 
uprights with attached pads for the sides of 
the head; to the uprights is attached the 
superstructure, a metallic frame with cross- 
bars on which are mounted two sliding 
locks to fix the two lid hooks or retractors. 
The entire device is locked to the operating 
table. 

Another rather elaborate device was pro- 
pounded by Cullom," in 1932, in an attempt 
to get the speculum off the eye so as to 
prevent loss of vitreous. This method em- 
ploys a metal head-band, a smaller band 
around the back of the neck, and a vertical 
bar between the two to which is attached an 
eye speculum that can be adjusted both 
vertically and horizontally. 

Castroviejo’s mosquito lid-clamp retrac- 
tors? were originally designed for patients 
who could not retain an ordinary speculum 
because of symblepharon formation, as from 
trauma, burns, trachoma, and so on. But 
they are also recommended in cataract ex- 
traction to avoid pressure on the globe. 
These retractors are essentially small metal 
clamps in the shape of the letter “U,” 5 
mm. long by 3 mm. wide, with the eyelid 
inserted into the space between the arms of 
the “U” and held in place by a thumb-screw, 
somewhat like an earring. A suture is passed 
through an eyelet in the flange to exert 
traction, and the suture is fastened to the 
head-drape by means of a hemostat. Four 
of these retractors are suggested in cataract 
surgery, two on the upper lid, one on the 
lower, and one at the outer canthus, which 
latter may obviate the need for canthotomy. 

In a paper entitled “Lid traction the 
greatest safeguard against vitreous loss in 


13 


cataract operations,” Obarrio’’ considered 
the ocular cul-de-sac as the walls of a piston 


closed proximally by the globe. Thus, when 
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the lids are lifted, negative pressure is pro- 
duced in this pistonlike arrangement, and 
the cornea will be depressed. He advocates 
the use of a speculum, to be lifted up the 
moment the globe is incised, and this traction 
to be maintained until the dressing is applied 
at the completion of the operation. 

With this same idea in mind, Professor 
Elschnig** recommended, in addition to a 
Desmarres retractor, the placing of four 
sutures, one through the tendon of each 
rectus muscle, with retraction to be made at 
an angle of 30 degrees from the sagittal 
plane on each suture. This, he felt, produces 
a minimum of pressure—even a negative 
pressure in the globe—and minimizes the 
tendency to loss of vitreous, 

Quite recently, Hylkema*® has recom- 
mended an eye speculum with a different 
type of blade for the two lids. Because the 
upper and lower eyelids differ considerably 


in form and in their relation to the sur- 
rounding tissues (the upper tarsus being 
broader, and connected with the levator), so 
that the lower lid is much easier to pull down 
and off the globe, he recommends a specu- 
lum whose upper blade is bent in the shape 
of a saddle and, in addition, is arched paral- 
lel to the surface of the eyeball. This blade 
rests snugly, well back on the under surface 
of the superior orbital rim. The blade for 
the lower lid is shorter and curved, very 
similar to the tip of a Desmarres retractor. 
To avoid any pressure from the upper blade 
on the eyeball, it is provided with a small 
curved piece of wire, or eyelet, through 
which a thread can be passed and pulled 
up by an assistant if necessary. The blades 
of this instrument are interchangeable, for 
use with either eye, and the hinge of the 
instrument has an adjustment screw resting 
on the patient’s temple by which the specu- 
lum can be tilted slightly to improve the 
adaption of the blades to the eyelids. 


RETRACTION WITH SUTURES 


Because these speculums and their modi 
fications have not proved entirely satisfac- 
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tory in relieving the opened eyeball of all 
pressure, considerable thought has been 
given to the employment of the third form 
of retraction—that is, the use of sutures 
through the eyelids, The usual method of 
placing these sutures is described by Me- 
Cool.** Three double sutures of No. 3 white 
twisted silk are inserted three mm. from and 
parallel to the upper lid margin to include 
the skin, muscle, and pretarsal fascia, and, 
if possible, a portion of the tarsal plate. One 
suture is placed in the middle of the lid, one 
midway between it and the external canthus, 
one midway between it and the internal 
canthus, and the silk threads are held paral- 
lel by a forceps, the two central ones being 
drawn up shorter to insure a curved lid 
border. He feels that if only one central 
suture is used, the sides of the lid margins 
may compress the globe due to the V-shape 
produced. Using this formula as a basis, 
many deviations of lid retraction sutures 
have been suggested. 

Jacqueau,”* in 1927, advised the injection 
of novocain followed by the insertion of a 
silk thread right through the upper tarsus so 
that the thread comes out, not on top of the 
lid, but on the free edge. In the same year, 
Edeskuty’s paper® appeared, recommending 
the use of a long silk suture through the 
skin of the upper and lower lid margins, as 
well as a superior rectus bridle suture, when- 
ever one had to deal with an uncooperative 
patient, or the assistant was not adequately 
trained. 

At about this time, Warschawski,™ advo- 
cating the use of the superior rectus bridle 
suture for elevating the lids as well as rotat- 
ing the globe downward, stated that this 
method gave better exposure and avoided the 
use of fingers. 

Elaborating on this theme, Gill,"* in a 
relatively recent paper, does not use a specu- 
lum, the lids being held open and the eye 
rotated down by silk sutures. The upper 
suture is placed under the superior rectus 
muscle, 4 to 6 mm. back of its insertion, 
and the lower lid is held down by a suture 
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placed through the skin near the lid margin, 
both sutures being attached to the drapes 
by hemostats. The advantages claimed for 


this method are the elimination of pressure 
at the globe, minimizing the possibility of 
the operator is put at ease, 
which is conducive to better results; and 


vitreous loss; 


the eye can be closed quickly if necessary. 
O'Connor,” in 1934, advocated upper lid 
sutures, The two sutures he used were placed 
in the middle of each half of the upper lid, 
just above the lash line. They included the 
skin only. The ends, arranged to give an even 
lift, were grasped by a hemostat which was 
then dropped over the top of the head. 
Horner,* in 1935, recommended the use 
of lid sutures to aid the surgeon who oper 
ates with an untrained assistant. He used 
white silk, two mm, from the lid margin 
and parallel to it, one in the lower lid and 
lid, each 
the 
thus 


two in the upper. In the upper 


suture was placed three mm. from 
midline, and emerged eight mm 


separated the central 


away 
a space of six mm 
portions of the sutures 
lhe four strands were spread and caught 
with a hemostat after adjusting to equal 
tension on all four, and the clamp was held 
by an assistant so that the lid could be moved 
over the globe or to the right or left readily. 
The 
mended 
fitting jaws which would hold throughout 
grasping silk 
threads in the upper lid. Thus, the “tenting” 


same author subsequently*® recom- 


a modified hemostat with closely 
its entire surface the four 
of the lid which occurs if the threads are 
held at a common point could be avoided. 
lhe upper blade of this clamp bears a small 
hook to which may be fastened the superior 
rectus suture, if one ts used 

Abbott," disturbed by the 
lid retraction and superior 


Paton and 
tendency for 
rectus sutures to shift position due to slip 
ping of the drape-sheet to which they are 
anchored, devised an apparatus to avoid this 
possibility. This consists of a woven head 
band, to which are attached two 2 by 1% 
inch aluminum plates, one above each eye. 


Attached to each plate is an elevated metal 
strip, 3/16 inch high and 9/16 inch wide, 
in the form of a “T,” tapered at the edges 
to facilitate the clamping of hemostats to 
either side. The lid sutures are secured to 
the upper border of the “T” through the 
drapes, and a firmly rolled cotton sponge 
is placed under the suture just above the 
level of the brow. 

Roberts' describes a method designed to 
do away with the use of a speculum which ts 
quite similar to that propounded by Ede 
skuty. A stitch is inserted into the skin 
of the upper lid near the lashes and opposite 
the 12-0’clock position in the cornea, The 
upper lid is drawn up by traction on this 
suture and held in position by mosquito for 
ceps anchoring it to the towels around the 
head at the level of the upper forehead ; the 
lower lid is retracted downward by a bent 
wire retractor held by an assistant, exposing 
the eye without pressure. 

The eyelid retraction suture which most 
closely approximates the one to be advocated 
in this paper was suggested by Ohm,” in 
1927. He gives credit to Liebermann for 
1918, the 
sutures for fixation and eversion of the lids 


first mentioning, in use of lid 
in operations on the thickened tarsus and 
conjunctiva in trachoma. Ohm found that 
upper-lid sutures were very satisfactory 
in cataract surgery, and his method very 
nearly obviates what has seemed to us to 
be the great disadvantage of placing the 
sutures at or near the margin of the upper 
lid—namely, the tendency for the lid to 
evert partially or wholly, and thus exert 
pressure on the upper portion of the sclera 
through the medium of the firm tarsal plate 
Ohm uses three sutures above, two of these 
being through the skin of the lid margin 
at the inner and at the one-third. 


The third suture is centrally placed, but 


outer 


five mm. higher in the middle of the upper 
lid. He that this 
placement of the central suture keeps the 


states difference th 


upper lid from turning inside out, and thus 
prevents pressure on the globe. 
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Neither of us has been entirely satistied 
with any of the above methods for retracting 
the upper lid in cataract surgery. Each of us, 
acting as assistant anc using sutures placed 
at the margin of the upper lid, has caused 
loss of vitreous when the upper margin of 
the tarsus of the partially everted lid pro- 
duced pressure on the globe as the cataract 
was being delivered or just after it was de 
livered. 

Not knowing of Ohm's’ method of using 
sutures in the upper lid we tried a very simi- 
lar suture. We placed the upper central su- 
ture just above the tarsus in the levator 
tendon. This made partial eversion of the 
lid less likely but did not give as good con- 
trol over the lid as the method we shall 
describe next—a method we have employed 
on approximately 40 cataract extractions 
with entirely satisfactory results. 


[HE SLING SUTURI 


The lid-retraction sutures which we use 
are size-A cotton, thyroid, or general surgi- 
cal thread. They are blue in color to dis 
tinguish them from the black-silk superior 
rectus and corneoscleral sutures to be used 
subsequently. After Van Lint akinesia sup 
plemented by local infiltration of two-per 
cent novocain into the skin and subcutane- 
ous tissues of the upper lid, and margin of 
the lower lid, the lid sutures are placed. 

Three 3/8-circle surgical needles with cut- 
ting edge (#1848-1, Anchor Brand) are 
threaded with about 10 inches of the blue, 
size-A suture, and the upper lid is everted 
in the usual manner to expose the palpebral 
conjunctiva. The needle point is now in- 
serted into the conjunctiva just superior to 
the upper margin of the tarsal plate at the 
junction of the inner and middle thirds 
of the eyelid. Care must be taken that no 
portion of the bulbar conjunctiva is inad 
vertently picked up on the needle point as 
it is started through the lid 

The eyelid is now returned to its normal 
position and the needle is brought out 
through the levator tendon, orbital septum, 


orbicularis, subcutaneous connective tissue, 
and the skin. The thread is now pulled 
through the eyelid until an equal length 
emerges from the skin and from below the 
lid margin. A second suture is similarly 
placed at the junction of the middle and 
outer thirds of the upper eyelid. 

The four strands of suture are now tied 
together about 3 or 4 inches from the lid 
and tarsus (fig. 1), which can be freely 


Fig. 1 (Quinn and Stansbury). Sling retraction 


suture in the upper lid of the left eye, holding the 
lid completely away from the eye 


manipulated by the fingers of the assistant. 
Or, if preferred, the four strands may be 
grasped with a hemostat after they have 
been pulled up so that the tension is equal 
on all four (fig. 2). There is no fixation 
of the sutures to the free margin of the lid 
so that they can be moved medially or later- 
ally at the margin to obtain the proper con- 
tour of the lid and prevent side pressure 
of the lid on the globe. 

Canthotomy is done if there is the slight- 
est need for it, and is a great aid in relaxing 
an anatomically short upper lid, making it 
easier to control. 

The lower lid usually does not present a 
problem so the suture is placed through 
the skin and subcutaneous tissues close to 


in 
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and parallel to the lid margin in the middle 
third. However, a sling suture may be used 
in the lower lid if desired. 

We feel the sling suture for the upper lid 
has all the advantages of any suture, pre- 
vents pressure of a partially everted tarsus 
on the globe, and gives much better control 
over the lid. It is much safer in the hands 
of an untrained assistant than is a retractor. 


Fig. 2 (Quinn and Stansbury) 
suture controlled with a hemostat 


Sling retraction 


It may be entrusted to an intern or a nurse 
when there is a shortage of trained assist- 
ants. The tarsus is not traumatized, since 
the needle and suture do not pass into it 
as advocated by some authors.’**? su- 
perior rectus bridle suture may be used if 
desired and can be controlled by another 
finger of the hand which controls the sling 
suture. If the assistant’s hand is in the way 
of the operator, a firm cotton roll may be 
placed over the brow and the sutures carried 
over the pledget. Traction is made in a line 
parallel to the forehead, which serves to pull 
the lid forward as well as upward. 

At the end of the operation and before 


the sling suture is removed, a silk or cotton 
suture is placed through the skin and sub- 
cutaneous tissue near and parallel to the 
margin of the upper lid in the central one 
third. The sling sutures are now removed by 
gentle traction after each has been cut at its 
point of emergence through the skin. With 
the aid of the marginal suture, the lid is 
now lifted over the wound without danger 
of catching in it. The marginal suture is then 
fastened to the cheek with adhesive plaster 
until orbicularis function returns. Van Lint 
akinesia is preferred because adequate 
akinesia, as well as local infiltration of both 
eyelids, can be obtained with one introduc- 
tion of a needle four cm. long. 

Castroviejo™ cites two disadvantages in 
the use of eyelid retraction sutures. The 
first of these—pain—is readily abolished by 
the proper use of cocaine instilled into the 
local infiltration with 

hematoma, which in 


cul-de sac and by 


procaine. The second 
creases the risk of infection and produces 
temporary disfigurement—has not been en- 


countered in our experience, but its possi 


bility must be acknowledged. 


SUMMARY AND CONCLUSIONS 


The literature concerning cataract extrac- 
tion is replete with ingenious methods for 
avoiding positive pressure on the opened 
eyeball. The very multiplicity of devices de- 
signed for this purpose is an indication that 
none is entirely satisfactory. Three general 


types of eyelid retraction are available: (1) 
Fingers of the assistant—a method not 
much in vogue today; (2) employment of a 
metal “blepharostat,” whether in the form 
of a speculum or a retractor; and (3) the 
use of sutures for raising the eyelids from 


the globe. 

Since no blepharostat was entirely ade- 
quate in our hands, various types of lid 
sutures were used and a method was de- 
satisfactory in 


vised which seems most 


overcoming the various objections to the 
other methods. This consists of two sling 
sutures which pass through the entire thick- 
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tarsal plate, and are tied or fastened together 
to form a sling or hammock for the support 
and manipulation of the eyelid. 

The advantages of this method are be- 
lieved to be: (1) It prevents pressure on the 
globe from a partially everted tarsus and 
consequent loss of vitreous, but does not 
traumatize the tarsal plate; (2) only one 
hand is required to manipulate this suture 
and a superior rectus bridle suture, if used ; 
(3) the lid can be lifted off the opened eye- 
ball, moved from side to side, and the eye 
can be closed quickly ; (4) the sutures can 
be arranged to give the upper eyelid the 
proper contour and avoid undesirable com- 
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ness of the upper eyelid, just above the 
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pression of the globe from the sides of the 
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ACUTE GLAUCOMA INDUCED BY HOMATROPINE 


Wreuam O. Lingart, M.D. 
Pittsburgh, Pennsylvama 


As early as 1867 Derby’ described two 
cases of acute glaucoma directly following 
the instillation of atropine for routine ex- 
amination, Green,* in 1880, described a case 
of acute glaucoma secondary to duboisine 
application. 

In 1885, Hodges® described the first re 
corded attack of acute glaucoma following 
the use of homatropine instilled for the pur 
pose of refraction. The symptoms of bi- 
lateral ocular pain, nausea, and vomiting 
supervened 26 hours after instillation, Ten 
sion to fingers prior to the homatropine in 
stillation had been normal. Two days after 
treatment with eserine drops the ocular ten- 
sion was again normal, Three weeks after- 
ward the corrected vision was again normal 
and the field examination showed full find 
mgs 

In 1902, Standish* reported 3 
ylaucoma before the New England Ophthal 


cases of 


mological Society in which nine were pre 
two by homatropine, 


cipitated by atrovine, 


one by cocaine, one by scopolamine, and 
one case by duboisine. 

Ring,’ in 1903, reported a case of acute 
glaucoma following a drop of euphthalmine 
Prior to 
field 


examination was done and tension to fingers 


instilled for diagnostic purposes 


instillation in this case confrontation 
was taken in each eve and found to be nor 
mal. There was, however, a positive history 
of intermittent attacks of dim vision. It was 
necessary to perform an iridectomy to con- 
trol the pressure permanently in this case 
Sutphen, in 1916, ce scribed a case of bi 
lateral, acute by 


glaucoma precipitated 


atropine in a 38-year-old patient. Surgical 
procedures were necessary on each eye to 
maintain tension within normal limits. 


More 1941, 


glaucoma was given careful study by Beach 


recently, in postmydriatic 


and Holt’ who reported nine cases, five of 


which were secondary to the use of homa 


4ix 


tropine. In two of the nine cases it was 
necessary to resort to surgery. 

Since the use of homatropine as a cyclo 
plegic in adults still is almost universally 
accepted, the following cases of severe acute 
glaucoma precipitated by it are presented. 


Case REPORTS 
Case 1 
History. Mrs. M. D 


years, reported to my office on October 14, 


a widow, aged 66 


1947, with a complaint of not being com 
Her last 


refraction had been five weeks previously. 


fortable with her present glasses 


The glasses she was wearing were: O.D., 
+1.25D. sph.; O.S., +1.75D. sph., with a 
near addition of +1.25D. in each eye 
Ocular examination revealed vision to be: 
R.E., 20/200; L.E., 17/200. The external 
was normal; this included 
gross check of pupillary action to light and 


examination a 
accommodation and a gross inspection of the 
anterior chamber, The nerveheads were nor 
mal. The tension to fingers in each eye was 
normal, The peripheral form fields taken 
with a one-degree test object were full and 
fields taken 
form test object on the stereocampimeter 


the central with a 0.5-degree 


showed normal blindspots with no sco 
tomas. 

One drop of one-percent homatropine was 
instilled One hour later the 
patient was refracted with the following 
findings : O.D., +2.5D. sph. ~ —1.25D. cyl. 
ax, 905 20/20; O.S., +3.5D. sph. > 

1.5D. cyl 80° = 20/20. The pupils 


dilated round and equal to 5 mm. The ocular 


in each eye. 


ax 


fundi were normal except for a moderate 
amount of sclerosis of the retinal arterioles. 

The next day the patient reported to the 
office with severe pain in the right eye, 
nausea, and vomiting. Examination revealed 
an acutely chemotic right eye with a cloudy, 
shallow anterior chamber and a tension of 


a 
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5 mm. Hg. ( Schigtz) in the right eve, and 

7 mm. Hg in the left eye. 

Slitlam p examination showed much bedew 
ing of the right cornea with no visible 
keratic precipitates. Slitlamp examination of 
the left eve revealed normal findings. The 
patient was given 0.25-percent eserine drops 
to use every hour in the right eye during 
the day and every two hours at night. Ten 
sion the following day was 23 mm. Hg 
(Schigtz) in each eye. The patient was then 
instructed to use the drops four times daily 
in the right eve. 

On October 20th, six days later, the 
Schigtz tension was: R.E., 45 mm. Hg; 
L..E., 23 mm. Hg. The eserine was then in 
creased to six times daily. Slitlamp examina- 
tion at this time showed some old pigment 
deposits on Descemet’s membrane and a 
moderate amount of iris atrophy. From this 
date until November 25, 1947, the tension 
varied from 32 to 48 mm. Hg (Schigtz) in 
the right eye. 

Operation. The patient was hospitalized 
on November 30, 1947, at which time a cor 
neoscleral trephination was done without 
complication. Since that time, the tension in 
each eye has not been over 25 mm. Hg 
( Schidtz). Peripheral and central form fields 
remained full. On November 9, 1948, the 
last date the patient was seen, there was 
some posterior cortical lens opacity in the 


operated eye which reduced the corrected 
vision to 20/50. The left eve has remained 


normal 


Case 2 

History. Mrs. W. H., a housewife, aged 
53 years, was first seen as a private patient 
on March 31, 1941, for a routine refraction. 
Tension to fingers was normal, peripheral 
form fields were full, and corrected vision 
under the use of homatropine (one percent) 
in each eye was 20/20. On two later visits 
this same examination was repeated with 
similar findings. 

This patient reported for her fourth rou- 
tine refraction on July 15, 1948. There were 


no complaints on this visit, the patient only 
desiring a recheck of glasses which had been 
prescribed on April 4, 1946. There had been 
no episode of dim vision or rings around 
lights. 

Ocular examination revealed vision to be 
15/200 in each eye. Gross reaction of the 
pupils to light and accommodation was nor 
mal. Tension to fingers was normal, On 
loupe examination, the depth of the anterior 
chamber appeared within normal limits. The 
nerveheads were normal. The peripheral 
form fields with a one-degree form test ob 
ject were full. The central form fields with 
a 0.5-degree form test object showed a nor 
mal blindspot in each eve with no scotomas 

One drop of one-percent homatropine was 
instilled into each eye at 10 a.m. One hour 
later refraction revealed: O.D., +2.5D. sph 
~ —0.5D. cyl. ax. 120° = 20/20; OS., 
+2.25D. sph. — -—O.5D. cyl. ax. @ 

20/20. This was only a slight change 
from previous refractions, The ophthalmo 
scopic examination showed normal findings 
with no evidence noted of corneal edema 

At 10 p.m. the next day the patient's hus 
band, who had had chronic glaucoma for 
three years himself, called stating that the 
vision in his wife’s right eye was hazy, 
similar to the haziness he experienced at in 
tervals. The patient was having a feeling of 
fullness but no severe ocular pain. The hus 
band was instructed to put a drop of his 
two-percent pilocarpine in his wife’s right 
eve twice before she retired at 11:30 p.m 
The patient was seen in the office the follow- 
ing morning at which time the Schigtz ten 
sion was: R.E., 45 mm. Hg; L.E., 22 mm 
Hg. 

Slitlamp examination showed much be 
dewing of the right cornea, no keratic pre 
cipitates, a definitely narrowed chamber 
angle in the right eye, and a suggestion of 
narrowing in the left eye. A_ prescription 
for 0.5-percent eserine was given to the pa 
tient with instructions to use it every two 
hours in the right eve until retiring at mid 
night then to continue again at 7 am 
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Course. Tension the following day was: 
R.E., 50 mm. Hg (Schigtz) ; so the patient 
was hospitalized. The 0.5-percent eserine 
was continued day and night. Dehydration 
was attempted with 0.5 cc. of salyrgan in- 
travenously every second day, and 50 cc. of 
50-percent glucose were given intravenously 
three times daily. At the end of two days, 
a paracentesis was done on the involved eye 
under pentothal anesthesia. 

Since there was no improvement at the 
end of five days of hospitalization, a corneo- 
scleral trephination was done on August 22, 
1948. While the patient was hospitalized re- 
peated tension readings over several 24-hour 
periods showed no tension elevation in the 
left eye above 25 mm. Hg ( Schi¢tz). 

On December 9, 1948, the peripheral and 
central form fields were full in each eye. At 
that time the patient was using atropine 
(0.5 percent) ointment in the right eye once 
daily. There was a good filtering bleb. Slit 
lamp examination revealed a few fine pig- 
ment deposits on the posterior corneal sur- 
face, moderate irts atrophy ; and a clear lens 
in the right eve. Vision in each eye was cor- 
rectible to 20/20, and tension in each eye 


was under 25 mm. Hg ( Schigtz). 


Case 3 


History. Mr. J. P., 
63 years, was first seen as a private patient 


a school teacher, aged 
on February 1, 1947, History revealed tear- 
ing in the right eve for a period of four 
months. The patient stated that there had 
been no vision in the left eye for 13 years 
The cause of the visual loss in this eye was 
attributed to “a scar on the eyeball.” For 
three years the patient had been using a drop 
of medicine in the right eye before retiring. 
No oculist had been consulted for three 
years and the reason for using the drops 
was unknown to the patient 

Ocular examination revealed vision in the 
right eve of 20/200 correctible, with the pa- 


tient’s glasses, to 20/25. There was no light 


perception in the lett eve. The pupils were 


quite small and reacted poorly to light. The 
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Schigtz tension was: R.E., 23 mm. Hg; 
L.E., 27 mm. Hg. 

Slitlamp examination revealed a super- 
ficial corneal scar in the right eye, a slight 
amount of iris atrophy in the right eye, and 
a moderate amount of iris atrophy in the 
left eye. The chamber angle in the right eye 
was slightly narrowed and definitely nar- 
rowed in the left eye. It was impossible by 
ophthalmoscopic examination to see the 
nerveheads. The peripheral form field taken 
with a one-degree test object was essentially 
full; central form field with a one-degree 
test object showed slight enlargement of the 
normal blind spot. 


Fig. 1 (Linhart) 
of right eye taken on the perimeter with a one- 
degree test object prior to instillation of homa- 
tropine. The left eye was blind. 


Case 3. Peripheral form field 


sy 
tT 


Fig. 2 (Linhart). Case 3. Central form field of 
right eye taken on the stereocampimeter with a 
one-degree test object prior to instillation of homa- 
tropine. The left eye was blind 


One drop of 0.5-percent homatropine was 
instilled into each eye. One hour later re- 
revealed; O.D., +3.0D. sph. 
20/20. 

The ophthalmoscopic examination showed 


fraction 
0.75D. cyl. ax. 62 


moderately deep, glaucomatouslike, nerve- 


an 
4 
- 


head cupping in the right eye and extensive 
cupping with advanced atrophy in the left 
eye. The Schigtz tension was: R.E., 41 mm. 
Hg; L.E., 56 mm. Hg. Several drops of 
0.5-percent eserine were instilled at 20- 
minute intervals into each eye. The patient 
was then sent home with 0.125-percent 
eserine drops with instructions to use them 
every two hours continuously in each eye. 

The following day the patient complained 
of moderate pain and considerable fogginess 
of vision. Tension was: R. E., 56 mm, Hg 
(Schigtz); L.. E., 48 mm. Hg. The patient 
was then given a prescription for one-third 
percent eserine and instructed to use it five 
times daily in each eye. Twenty-four hours 
later, tension was: R. E., 11 mm. Hg 
(Schigtz); L. E., 20 mm. Hg. The patient 
was put on pilocarpine (one percent) three 
times daily; this was continued until the 
patient was last seen on November 29, 1948. 
The Schigtz tension had been maintained at 
26 mm. Hg or below that figure in the right 
eye but had ranged up to 45 mm. Hg in the 
left eye. There had been no further field loss 
in the right eye and the corrected vision had 
remained 20/20. 


CoM MENT 


The sudden onset and severity of these 
cases of acute glaucoma following adminis- 
tration of a known initiating drug would 
seem to indicate that there were predisposing 
factors present in these eyes. There is a de- 
ficiency of cholinergic substance in the aque 
ous of glaucomatous eyes with a vasomotor 
irritability which may act as a trigger mecha 
nism.* This concept of a threshold, with the 
trigger mechanism being set off by a cyclo- 
plegic, seems to fit these cases. Gradle® has 
shown that, in 2.8 percent of 500 eyes studied, 
there was an increase of 5 mm. Hg or more 
in the intraocular pressure following the use 
of a cycloplegic for refraction. 

It is quite likely that in the first two cases 
we are dealing with a mild form of glaucoma, 
without visual form-field or nervehead 
changes, which may have only transiently 
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elevated intraocular pressure. In some cases 
of glaucoma the disease may be so mild that 
the fundus, fields, and central vision remain 
unaltered for years. In 373 cases studied by 
Posner and Schlossman,"”® 40 had the mild 
form. 

On loupe examination of the involved 
eyes in the first two cases the chamber angles 
could be considered as normal. Slitlamp ex- 
amination of the third case proved it to be 
definitely of the narrow-angle type. The 
shallow-angle cases, as a rule, show the 
greatest tension rise on administration of a 
cycloplegic. Kronfeld and co-workers" 
studied the effects of mydriasis in patients 
with wide-angle glaucoma and came to the 
conclusion that the intraocular pressure was 
not grossly influenced by the administration 
of mydriatics. 

Stine’? studied 82 eyes which were sub- 
jected to mydriasis, of these 33 were of the 
wide-angle type; 18, narrow-angle; and 31, 
normal, In his series, the rise in pressure in 
the wide-angle type was less than 1 mm. 
Hg, while the mean rise in the narrow-angle 
type was 14.3 mm. Hg. 

In view of the importance of the chamber 
angle in the production of cycloplegic glau- 
coma, gonioscopic studies can be of extreme 
importance. So-called preglaucomatous eyes 
or normal eyes can be watched for further 
evidences of impending glaucoma as sug- 
gested by Gradle and Sugar.” Unfortunately 
no gonioscopic studies of the chamber angle 
were done in these cases. Slitlamp examina- 
tion gave a rough idea of the condition of 
the chamber angles. 

There is no doubt that, in all of these 
cases the nature of the glaucoma was per 
manently altered after homatropine admin- 
istrations. This was even true in the third 
case which was controlled medically. 


TREATMENT 


Most ophthalmologists are agreed that sur- 
gery must be performed only as a last resort 
in these cases. Miotics will almost invariably 


terminate the attacks, In the nine cases of 
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Beach and Holt,’ two required surgery ; one 
of these had a corneoscleral trephination, 
while another, a bilateral case, had iridecto- 
mies, Sutphen,® in his bilateral case initiated 
with atropine, did a paracentesis of each eye 


followed by iridectomies. His complication 


of prolapsed uveal tissue at the site of the 
incision prompted his suggestion that future 


cases should have a filtering operation such 


as the Lagrange 

The two surgical cases presented here had 
corneoscleral trephinations because time was 
lost while medical control was attempted. 
After the acute attack, Case 1 followed the 
Schloss- 


man,’ establishing itself as a chronic, nar 


course described by Posner and 


row-angle glaucoma. In view of the simil 
arity of Case 2, it was again decided that 
surgery was best. The gradual lens changes 
which followed surgery in the first case were 


disappointing and may cause difficulties 
later. 
: In Case 3, the treatment followed classical 
| lines, Neither the treatment nor the result 
was particularly unusual 
In order to prevent these attacks, Sny 
dacker™ has established five general rules 
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which are extremely important to all those 
who use atropine or homatropine. Follow 
ing these rules is time consuming, but, if 
these drugs are used, it is necessary to follow 
each rule in turn. 


SUMMARY 


1. Three cases of homatropine-induced 
acute glaucoma have been presented. 

2. The chamber angle is important in con 
trolling the trigger mechanism present in the 
eye. 

3. In the three cases presented, homatro 
pine permanently altered the ability of the 
eve to withstand the glaucomatous condition. 

4. Routine 
lowed in all cases, with corneoscleral treph 


medical treatment was fol 
inations being necessary in two of the cases 
within six weeks. 

5. Tension and fields have been stabilized 
in all three cases for over four months by 
the treatment described. 

6. The use of homatropine in the usual 
concentrations entails a definite risk of caus 
ing acute glaucoma even in the most cautious 
of hands. 
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CORRELATION OF THE ANATOMIC FACTORS CONCERNED IN THE 


The diverse ophthalmoscopic appearances 
of retinal hemorrhages have a multiphased 
pathogenic background. It is doubtful that 


all related factors in the production of such 
hemorrhages have as yet been hypothesized. 
The correlation and interpretation of the 
known pathogenetic factors does not give 
a conclusive picture of the problem, 

This paper will be limited to a considera 
tion of the significant anatomic features of 
the finer retinal vessels and the role they play 
in the ophthalmoscopic appearance of vari 
ous retinal hemorrhages. The work in this 
field has evolved from the classical descrip- 
tions of His through the studies of Fortin, 
Damel, and others to the present-day, de 
tailed descriptions of Michaelson and Camp 
bell. These works have pointed out the sig 
nificance of the location of the finer retinal 
vessels in the morphology of the hemor 
rhagic retinopathies. 

We are all acquainted with the general 
vascularization plan of the retina, so, for the 
sake of brevity, we shall pass it by to con- 
sider the more detailed vascular structure of 
the retina. It has been recommended that all 
ophthalmoscopically visible arterial vessels of 
the retina be designated as arterioles.’ 

The branches of the larger arterioles and 
venules form an interdigitating pattern as 
they run toward each other (fig. 1). They 
remain in the nerve-fiber and ganglion-cell 
layers until the precapillary vessels are 
reached. These precapillaries, in turn, re 
spectively feed and drain the capillary plex 
uses of the retina. The precapillaries branch, 
as is seen in the diagrammatic representation 


*From the Department of Surgery, Ophthal- 
University of Utah Medical 
School. Presented before the 34th annual clinical 
congress of the American College of Surgeons, Los 
Angeles, California, October, 1948 


mology Divisior 


OPHTHALMOSCOPIC APPEARANCE OF RETINAL HEMORRHAGES* 


Homer E. Smiru, M.D. 
Salt Lake City, Utah 


4533 


from Michaelson and Campbell’ (fig. 2), 
and, basically, the branched precapillaries fall 
into two groups. 

One, the superficial group, remaining in 
the nerve-fiber and ganglion-cell layers, 
gives rise to a superficial capillary plexus 
which lies in the same plane as its parent 
vessels. The other precapillaries run almost 
vertically into the retina to give rise to the 
deep capillary plexus whose meshwork ts 
confined to the plane at the junction of the 
inner nuclear and the outer molecular layer 
The latter capillary net is the more dense 
and complex of the two and the intricacy of 
each increases as the venous precapillary is 
approached, 

Chere is some anastomotic capillary con 
nection between the superficial and deep nets, 
but, for the most part, these plexuses are 
two dimensional in form, Of interest and 
importance is the schematic representation 
of the distance from the larger arterioles at 
which the arterial precapillaries branch as 
compared to the junction of the venous, pre 
capillary branches being closer to the venule. 
This, plus the aforementioned fact of the 
increased density and complexity of the cap 
illaries near the venous precapillaries, gives 
rise to the relative capillary-free zone which 
is present on the arteriolar side of the retinal 
circulation 

As Michaelson and Campbell have so well 
demonstrated, there are areas of less and 
more complicated modification of the basic 
two-layered capillary nets which have just 
been reviewed. 

\ third plexus is formed at the inner 
boundary of the inner nuclear layer. It arises 
from capillary loops of the superficial piexus 
which have lost their two dimensional char 
acter, In the most superficial portion of the 


nerve-fiber layer, a fourth capillary plexus is 


| 
‘cong 


434 HOMER E. SMITH 


Fig. 1 (Smith). Field from equatorial zone of retina, showing a vein on the left and an artery on the 
right. Note the interdigitation of the venae efferentes (¥) with the arteriae afferentes (a). Note also the 
capillary-free zone around the artery (30). (Reprinted with permission from: Michaelson, I. C., and 
Campbell, A. C. P.: Transactions of the Ophthalmological Society of the United Kingdom, 1940.) 


found. It arises from the precapillaries and 
capillaries of the basic superficial vascular 
layer. In the preequatorial zone of the 
fundus, the plexuses are reduced to one, the 
superficial ; and the peripheral one-mm. area 
is devoid of vessels. The distributions of 
these vascular patterns can best be repre 
sented by the schematic flat projection of the 
retina of the right eye (fig. 3) and consist 
of.’ 

l. The basic double capillary net, which 
occupies the retina of the posterior fundus 
to a point 12 to 14 mm. anterior from the 
optic dise, 

2. The three-layer capillary zone of the 
pertmacular area with its associated avascu 
lar foveal area. 

3. The four-layer capillary meshwork of 
the peripapillary area, which extends four 
mm, nasally and seven mm. temporally from 
the optic dise. The temporal extent is in 
dented in the horizontal meridian due to 
the presence of the macula. 


4. The single-layer capillary (superficial ) 
preequatorial zone. 

5. The avascular peripheral one mm. area. 

The margins, as shown and enumerated 
above, are not hard and fast, but the various 
vascular structural relationships give way to 
each other gradually. 


PATHOLOGIC CONSIDERATIONS 


The arrangement of the retinal vessels 
is an important factor in the pattern seen in 
the ophthalmoscopie appearance of retinal 
hemorrhages. The morphology of the hemor 
thages is largely determined by their position 
in the retina, and this depends on the location 
of the vessels involved in the pathologic state. 
As was mentioned earlier, it does not clarify 
the whole of the problem, but it does help 
further the ophthalmoscopic differentiation 
of retinal hemorrhages in certain diseased 
conditions. Among the more common entities 
in which retinal hemorrhage are encountered 
are: hypertensive states, diabetes, papil 


ledema, central retinal or branch vein throm 
bosis, and blood dyscrasias 


HYPERTENSIVE GROUP 


Retinal hemorrhages are frequently found 
in hypertensive states. They are primarily 
caused by the elevation of the blood pressure 
regardless of the initiating mechanism of the 
elevation.*** Thus the hemorrhagic pattern is 
the same for all groups; that ts, primary 
essential hypertension, both benign and ma- 
lignant, arteriosclerosis, toxemia of preg 
nancy, adrenal gland tumor ( pheochromo- 
cytoma), pituitary basophilic adenoma 
(Cushing syndrome), and the renal group 
of acute, subacute, or chronic glomerulone 
phritis, unilateral atrophic kidney, hydrone 
phrosis, pyelonephritis, prostatic obstruction, 
and so forth, 

The interpretation of the functional pa 


thology of hypertension is without uniform 


DIAGRAM OF RETINA 


A. THE ARTERIAL PRECAPHLLARY. 


B THE VENOUS PRECAPLLARY 


C SUPERFICIAL CAPLLLARY PLEXUS. 


Fig. 2 (Smith). Diagrammatic representation of 
the situation of the superficial and deep capillary 


network. (D) in the figure represents the deep 
retinal capillary plexus. (Reprinted with permission 
from: Michaelson, I. ¢ nd Campbell, A. C. P 


Transactions of the Ophthalmological Society of 
the United Kingdom, 1940.) 
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opinion, but the essence of the condition, be 
it primary or secondary from an etiologic 
point of view, apparently lies in the spasm 


or increased tonicity of the arterioles 


S 


ed 
Fig. 3 (Smith). A flat projection of the right : 
retina (2). (x) Nervehead. (Ff) Fovea. (a) } 


Extent of radial peripapillary capillary net. (b) 
Extent of triple capillary net. (c) Extent of double ; 
capillary net. (d) Extent of single capillary net. 


(e) Peripheral avascular zone. (Reprinted with 
permission from: Michaelson, I. C., and Campbell, 
A. C. P.: Transactions of the Ophthalmological 


Soctety of the United Kingdom, 1940.) 


The retinal hemorrhages seen in this group 
are characteristically, but not exclusively, 
flame-shaped, due to their location in the 
linearly directed nerve-fiber layer. Due to 


the increased density of the nerve-fiber layer 
in the perimacular and peripapillary areas, 
the flame-shaped form of these hemorrhages 


is here more marked. In the equatorial zone 
of the retina, the relative looseness of the 
fibers permits the hemorrhages to assume a 
more irregular shape with the long axis 
lying in the direction of the nerve fibers 
An explanation for the apparently singular 
involvement of the superficial vessels in the 
production of the hemorrhages must be 
sought. Various hypotheses have been of 
fered: (1) The constriction of the arterioles 
and capillaries leads to secondary changes 


in their walls permitting the escape of blood 
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elements to form hemorrhages; (2) the 


superficial plexus with its precapillaries is 
located “higher-up” in the vascular circuit 
and has a more direct relationship to the 
arteriolar circulation than the deep plexus. 
The effect of the increased vascular pressure 
is, therefore, manifest, principally, in the 
superficial plexus, with the resultant hemor- 
rhages occurring in the corresponding retinal 
laver.’ 

rhe pathogenesis of these hemorrhages 
can be considered from another point of 
view. Ricker* observed that the contraction 
of a small artery results in dilation of the 
terminal vessels. With complete obstruction 
to the circulation, stasis results, but when 
the contraction of the artery is incomplete, 
the circulation is impeded. A reduction in 
metabolism results, with changes in the wall 
of the capillaries taking place, permitting 
blood elements to pass into the tissues, 

Thus, the arteriolar spasm associated with 
hypertension may result in dilation of the 
retinal capillary plexuses with secondary 
changes taking place in their walls. Each 
capillary net would therefore be capable of 
losing blood cells into the tissues. 

Perhaps the choriocapillaris blood supply 
to the outer retinal layers aids the deep 
plexus in its metabolism sufficiently to keep 
its capillary walls in a state healthier than 
the superficial plexus is able to achieve. This 
difference in the relative nutritional state of 
the capillary beds could account for the 
greater frequency of the flame-shaped hem- 
orrhages of the nerve-fiber laver seen in the 


hypertensive group of patients 


DIABETES 


\s ophthalmologists, we recognize the 
typical ophthalmoscopic appearance of dia 
betic retinopathy ; however, controversy ex- 
ists as to whether or not this is a specific 
entity." On the basis of recent 
there seems to be little doubt that diabetic 
retinopathy is a condition distinct from hy 
pertensive retinopathy. The fundi in the two 
conditions are distinguished by the difference 
in the mode of onset, location and type of 
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lesions and hemorrhages, and in the develop 
ment and termination of changes in the 
retinas. 

The typical hemorrhages which occur in 
diabetes are round or dotlike, but occasion 
ally flame-shaped hemorrhages are seen con 
currently. Histologically, the round hemor- 
rhages are located in the inner nuclear and 
outer molecular layers of the retina in the 
posterior fundus. They assume their round 
shape because of the looseness of the outer 
molecular layer into which the blood extray 
asates. Small microaneurysms may develop 
in the inner nuclear layer from the anasto 
motic capillaries and cannot be differentiated 
clinically from the hemorrhages.*®*' They 
may be hemorrhages first, with endothelial 
cells coming to line them later.*? Because of 
their location, the hemorrhages must arise 
from the deep capillary plexus. A uniformity 
of opinion exists as to the significance of the 
role played by the capillaries in this condi 
tion 

Duggan* suggested that increased adrena 
lin production secondary toa hypoglycemia 
caused an arteriolar constriction. This, he 
felt, resulted in capillary anoxia with changes 
occurring in the vessel walls; these changes 
permitted the blood elements to escape into 
the contiguous retinal tissue. With such an 
explanation, one would expect to find a 
greater number of flame-shaped hemor 
rhages as in the hypertensive group. Such 
does not seem to be the case. Because of the 
lack of correlation between the clinical state 
of the diabetes and the occurrence and pro 
gression of the retinopathy, further explana 
tions must be sought. 

Of late, our attention has been directed 
toward the venous component of the retinal 
circulation and the role it plays in the patho 
genesis of the fundus changes which occur 
in diabetes. The accumulating evidence shows 
the vascular changes in the retinas of dia 
betic patients tending to affect the venous 
rather than the arterial side of the circula 
tion.**-** 

The fullness of the retinal veins in these 
fundi is recognized as one of the significant 
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findings.*""** It is interpreted as an early 
retinal change in diabetic patients. 

Thus, the normally slower blood flow, in 
the more dense and relative circulatory-de- 
pendent deep capillary plexus, has the added 
congestion produced by the increased venous 
back-pressure as manifested by the dilated 
retinal veins. This results in a greater meta- 
bolic disturbance to the capillaries of the 
deep plexus than to the superficial plexus, 
and in part explains the pathogenesis of the 
diabetic hemorrhages. 


RETINAL VEIN THROMBOSIS 


In this state, the increased venous back 
pressure is manifest throughout the retinal 
capillary system. The hemorrhagic retinop 
athy depends upon whether it is a central 
or a block, and whether the 
obstruction is partial or complete. Depending 


branch-vein 


upon the degree of obstruction, the pyramid- 
ing occurrence of these hemorrhages is: 
first, in the deep capillary plexus with the 
small round hemorrhages ; next, in the super 
ficial capillary plexus with the small flame 


shaped hemorrhages; then, in the venous 


precapillary vessels with the larger flame 


shaped hemorrhages; and, finally, in the 
extensive hemorrhages resulting from the 
rupture of a larger vessel. Commonly, the 
most superficial plexus of the peripapillary 
area gives rise to hemorrhages in association 
with the above. 

As Ballantyne and Michaelson have de 
scribed® the hemorrhages are usually closer 
This 


results from the periarteriolar area being 


to the venules than to the arterioles 


relatively capillary free, and the density of 
the capillary plexuses being greater near the 
venous precapillary. 


PAPILLEDEMA 


The occurrence of hemorrhages in this 
not They may be 
among the first of the signs to appear, or 


condition is consistent 
may be absent when the swelling has reached 
a marked degree.™ Usually, they are present, 
and are superficial, close to the optic disc, 
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and radiate from it. They originate in the 
peripapillary plexus of the most superficial 
layer. The pathogenesis of these hemor- 
rhages® is akin to the central retinal vein 
occlusion already mentioned but of a lesser 
degree. The increased venous back-pressure 
apparently results from the compression of 
the central vein in the intravaginal space of 
the optic nerve. However, in mild cases, the 
edematous process in the area could involve 
the most superficial plexus directly and give 
rise to the hemorrhages. At times, there are 
additional hemorrhages of the types associ- 
ated with a marked increase in the venous 
back-pressure. It is of interest to note that, 
clinically, the superficial hemorrhages cor- 
respond to the flat retinal projection scheme 
of this capillary layer. 


BLOOD DYSCRASIAS 


Patients with blood dyscrasias frequently 
show retinal hemorrhages. The dyscrasias 
which are of primary interest to the ophthal- 
mologist include the main types, namely, 
anemias, leukemias, purpuras, and the poly- 
cythemias. The hemorrhagic extravasations 
are not sufficiently typical to permit an ac- 
curate and definite etiologic diagnosis with 
the ophthalmoscope. Although they may vary 
in form, their differences are a result of the 
mechanism of their production, rather than 
the particular disease entity with which they 
the 


pathogenesis of these hemorrhages include 


are associated.” The basic factors in 
the thrombocytopenia of the purpuras, the 
increased capillary permeability of toxic, 
anoxic, metabolic, or chemical origin of the 
anemias, and the venous stasis and throm- 
bosis of the leukemias and polycythemias. 

Thus, from the appearance of retinal hem 
orrhages alone, accurate differentiation can- 
not be made between the blood dyscrasias. 


SUMMARY 


Fundus studies conclude a relationship be- 
tween certain disease entities and their as- 
sociated retinal hemorrhages. Analysis of 
these hemorrhages is facilitated by their 
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correlation with the anatomy of the finer The hypothesis is offered that the “double” 
retinal vessels. vascular supply to the deep retinal capillary 
Hypertension, diabetes, central retinal vein plexus area keeps these vessels in a state 
obstruction, and papilledema present basi- healthy enough to prevent local hemorrhages 
cally characteristic hemorrhagic patterns. in the hypertensive patients. Thus, the singu- 
Other diseases, such as blood dyscrasias, lar nutritional supply to the superficial vas- 
trauma, and local retinal inflammatory states, cular plexus permits hemorrhages to occur 
produce hemorrhagic patterns which are not more readily in patients of this group. 
type specific. 54 East South Temple Street (1). 
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A CASE OF RECURRENT IRITIS AND 
EPISCLERITIS ON A RHEUMATIC 
BASIS TREATED WITH ACTH* 


Wittiam A. Mann, M.D. 
AND 


Davip E. Marxson, M.D. 
Chicago, Illinois 


The recent use of adrenocorticotropx 
hormone (ACTH)! experimentally in the 
treatment of rheumatoid 


arthritis,"»* and other collagen diseases has 


rheumatic fever, 
attracted widespread interest in the scientific 
and lay press. The frequency with which 
recurrent iritis is associated with these con 
ditions, especially with rheumatoid arthritis, 
the 
mechanism of which has been at best im 


points to an intimate relationship, 
perfectly understood. 

We report herewith a case of recurrent 
iritis and episcleritis on,a rheumatic basis 
with prompt improvement of symptoms fol 
lowing treatment with ACTH. What the sub 
sequent course will be now that the therapy 
has been discontinued remains to be seen. 


has 


stopped the condition is excellent but it is 


Three weeks after treatment been 
not unlikely that a further recurrence may 


be expected at a later date 


CASE REPOR' 


History Mrs. ©. H. b., 
was first seen at the office on September 29, 


aged 34 years, 


1949, with a history of pain, redness, and 
photophobia in the left eye of 10 days’ dura- 
tion, There was a history of two previous 
attacks of iritis in the left eye, four and two 
years ago. Health has been satisfactory ex 


* From the Departments of Ophthalmology and 
Internal Medicine, Northwestern University Medi 
cal School, and Wesley Memorial Hospital 

* We are indebted to the Armour Laboratories 
who through Dr. John Mote so kindly furnished 
the pituitary adrenocorticotropic hormone (ACTH) 
used in this study 
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cept for a history of rheumatic fever in 
childhood, with an acute exacerbation five 
years ago and fleeting pain and swelling in 
various joints periodically since. During the 
previous attacks of iritis, general examina 
tion had revealed no other etiologic factor. 

Eye examination. Visual acuity was 20/12 
in the right eye and 20/25 — 3 in the left. 
The right eye was normal grossly and with 
the slitlamp. The left eye showed a moderate 
ciliary injection and was moderately tender. 
he pupil was somewhat irregular, con 
stricted, and the iris darker than the fellow. 
Examination by biomicroscopy revealed an 
aqueous flare and numerous fine keratic pre 
cipitates. A diagnosis of recurrent iritis, left 
eye, was made. 

Atropine and neosynephrin (10 percent ) 
were instilled. The pupil dilated well except 
from the 4- to 7-o’clock positions where the 
pupillary margin of the iris was adherent 
to the lens capsule. Atropine and heat were 
ordered locally, sodium salicylate was pre 
scribed internally, and a complete general 
check-up advised. Physical examination at 
that time did not reveal any positive findings 
except for changes in various joints, classi 
fied as arthritic. 

Under local treatment the iritis continued 
to improve so that in one month the eye 
appeared quiet and only a few old precipi 
tates were seen on the corneal endothelium. 
On October 29th, because of a story of occa 
sional discomfort in’ the left eye, all treat 
ment was discontinued except for atropine 
once a day in the left eye. The tension was 
at all times normal 

Two days later, on October 31st, the pa 
tient returned with a complaint of redness 
and pain in the right eye. There was a slight 
suggestion of ciliary injection but no definite 
cells or other evidences of iritis were seen 
Homatropine was instilled and the patient 
kept under careful observation. By Novem 
ber 7th, there was a marked ciliary injection, 


+ 
; 
i 


400 NOTES, CASES, 


aqueous flare, cells in the aqueous, and a few 
small diffuse keratic precipitates. Atropine, 
heat, and salicylates were prescribed. 

The course of the iritis was slow but 
progressive in the right eye, but the left eye 
remained inactive and atropine was discon- 
tinued in the left eye on November 14th. 
The right pupil dilated well under atropine. 
By November 21st the iritis in the right eye 
had continued to increase and hospitalization 
was advised in order to carry out a more 
thorough investigation and possibly resort to 
foreign-protein therapy 

Hospital course. Mrs. O. H. B. was ad 
mitted to Wesley Memorial Hospital on No 
vember 23rd. Her chief complains on ad- 
mission were pain and redness of the righi 
eye; tenderness, pain, and limitation of mo- 
tion of the left shoulder; swelling and pain 
in both knees with fluid in the left prepatel- 
lar bursa; tenderness and swelling of the 
right great toe. 

Her temperature on admission was 
99.6° F., pulse 90, respirations 20, blood 
pressure 130/90 mm. Hg. The only signifi- 
cant finding outside of her arthritis from a 
medical point was a soft apical systolic mur- 
mur which was also heard over the aortic 
area, The tentative diagnosis on admission 
was an old rheumatic endocarditis and an 
early acute rheumatoid arthritis. 

During the first few days in the hospital 
while the patient was undergoing the general 
examination and observation, and receiving 
only atropine and heat to the right eye and 
sodium salicylate internally, there developed 
a severe episcleritis to the temporal side of 
the left eye, without any evidence of a re- 
currence of the iritis in that eye, but the 
iritis in the right eve continued to be severe 
but without any hypopyon or synechias 
developing. 

The laboratory findings at this time were 
as follows: R.B.C., 5,070,000; Hemoglobin, 
97 percent; hematrocrit, 39.4; W.B.C., 
21,000; differential N., 75; neutrophil 
unseg., 5; lymphocytes, 17; monocytes, 2; 
erythrocytes, 1; uric acid, 3.84; N.P.N., 26; 
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total proteins, 7.18; albumin, 3.62; globulin, 
3.45; urine: sp. gravity, 1.030; acid, al- 
bumin, 20 mg., sugar negative; R.B.C., 5-6, 
W.B.C. 8-10; E.K.G.: Frequent premature 
systoles of nodal origin. X-ray studies of the 
chest showed the cardiac silhouette to be 
normal, the lung fields clear. X-ray films of 
the hands showed changes compatible with 
an early rheumatoid arthritis. 

ACTH therapy. At this stage it was de- 
cided to administer pituitary adrenocortico 
tropic hormone (ACTH). This was started 
on December 12, 1949. Ten mg. were given 
intramuscularly every eight hours, at 8 a.m., 
4 p.m., and 12 p.m. The dosage was then 
decreased to 20 mg. daily in three divided 
doses at the same intervals, and was con 
tinued through December 23, 1949. Again 
the dosage was decreased to 10 mg. daily at 
12-hour intervals, at 8 a.m. and 8 p.m. This 
procedure was continued through December 
31, 1949, at which time the hormone was 
discontinued. 

The patient remained in good electrolyte 
balance during the entire course of her treat- 
ment. The swelling and pain in both knees 
disappeared. Pain and tenderness in the left 
shoulder were relieved in approximately 72 
hours. However, she continued to complain 
of pain in the right great toe. The tempera- 
ture returned to normal in 12 hours after 
ACTH and remained so until her discharge 
from the hospital. The sedimentation rate 
(47, on admission) had returned to 21. 

Almost immediately (within 36 hours) 
the episcleritis had practically disappeared 
and the iritis showed marked improvement 
so that within one week there remained no 
active iritis. The treatment was continued 
for 29 days without any return of the 
episcleritis or iritis. 

Examination of the eyes three weeks after 
the therapy had been discontinued showed 
no injection in either eye. Biomicroscopy 
showed a few fine scattered deposits remain- 
ing on the corneal endothelium of the right 
eye, practically none in the left, and no evi- 
dence of any active pathologic process in 
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either eye. The right pupil was of normal 
size and reacted readily, the left showed only 
the adhesions between the iris and lens cap- 
sule seen on the first examination. There was 
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marked improvement in the patient's general 
condition with joint symptoms reduced to a 
minimum. 

303 East Chicago Avenue (11) 
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PROJECTION TACHYSTOSCOPE 
FOR ORTHOPTIC TREAT- 
MENTS* 


A PRELIMINARY REPORT 


J. E. Winxkecman, M.D. 
Amsterdam, Holland 


Recently Burian' reported on the use of 
projection in orthoptic treatment. As a result 
of interest in this same idea, I have de 
veloped a projection tachystoscope for or 


thoptic treatment. This instrument consists 


ot: 

a. A Leitz “Kleinbild” projector (VIIIs). 

b. Slides resembling the ordinary object 
slides used with the major amblyoscope of 
Hamblin. Instead of colored pictures, how- 
ever, drawings are made with black ink on 
white paper. These drawings are photo- 
graphed, and the negative, showing white 
lined pictures on a black background, is 
mounted on a lantern slide. The pictures for 
the right and left eyes are mounted side by 
side ( fig, 1), 

c. At a distance of approximately 20 cm. 
in front of the objective of the Leitz pro- 
jector, there is a screen (fig. 2), 19 by 15 
cm., with two holes 3.5 cm, in diameter. The 
distance between the middle points of these 
holes is 5 cm. A rotating double prism of 
Risley is placed anteriorly to each hole, and 
a polaroid disc is mounted posteriorly. The 
polaroid discs may be rotated so as to adjust 
the direction of the polarized light. 


* From the Eye Clinic of the University of Am- 
sterdam, Dr. A. Hagedoorn, director 


E.: Prolonged treatment of rheumatoid arthritis with pituitary adrenocorticotropi 


d. Between the objective of the projector 
and the screen, there is a large disc, 22 cm. 
in diameter, with two semicircular slits ( fig. 
3). This dise is rotated by a motor with a 


Fig. 1 (Winkelman). Object slides. 


« 


Fig. 2 (Winkelman). Screen with rotating double 
prisms and polaroid discs. 


variable speed that is measured by a revolu- 
tion counter. The disc acts as a tachysto- 
scope. The light from each of the separate 
pictures on the slide is interrupted alter- 
nately. 

e. The pictures are projected onto an 
aluminized screen and the patient observes 
them through polaroid spectacles. A com- 
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seen in Figure 4. 


METHOD OF TREATMENT 


This apparatus has been installed in a 


special room which can be completely dark- 


(Winkelman) 


semicircular 


Tachystoscope discs with 
slits 


Fig. 3 


Fig. 4 


(Winkelman). Photograph showing the 
chfferent parts of the apparatus 


ened and which can be divided by a drop 
curtain into two separate parts. 

One of these parts is of small dimensions 
and contains the apparatus. No light can 
filter from this cubicle except through an 
opening in the curtain which permits the 
light from the projector to fall on the alumi- 
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plete arrangement of the apparatus may be 


nized screen (fig. 5). This cubicle may be 
illuminated at convenience. 

The patient sits in the other part of the 
room, which is completely darkened. Com- 
plete darkness must be particularly stressed, 
for it is essential that no stimuli, other than 
those intended for the stimulation of both 
maculas, fall on the patient’s retinas. 

The polaroid spectacles with which the 


>: 


Fig. 5 (Winkelman). Diagram of test arrange- 
ment and dark room. (A) aluminized screen; (L) 
Leitz projector; (M) motor; (P) patients; (Po) 
polaroid; (Pr) prisms; (R) revolution counter ; 
(S) screen; (T) tachystoscope disc 


patient is provided are so adjusted that only 
the eye intended will be stimulated by the 
picture projected for this eye. 

The rotating double prisms are adjusted 
so that the projections on the aluminized 
screen are at a distance from each other 
corresponding to the angle of squint. Since 
this arrangement is not suitable for very 
large angles, it is necessary, in such an 
event, to reduce the angle by inserting prisms 
before the patient's eyes. 

With this apparatus, it is possible to 
stimulate haploscopically the maculas, and 
nothing but the maculas, and to carry out 
the ordinary exercises for orthoptic train- 
ing. 

We can establish Grade-I fusion or simul- 
taneous perception by using Grade-I slides. 
We can exercise fusional amplitudes by rota- 
tion of the Risley double prisms, For these 


exercises, the tachystoscope disc is removed. 


+ 
| 
| 
Ou 
| 
5 
<= .. ~ 
< 


NOTES, CASES, INSTRUMENTS 463 


When we wish to overcome abnormal 
retinal correspondence, we can stimulate the 
macula of each eye alternately by interposi- 
tion of the tachystoscope disc. The light 
rays from one of the pictures pass through 
the semicircular slit, while those from the 
other are temporarily interrupted. In this 
manner, the pictures for the left eve and for 
the right eye are exposed alternately. 

By lowering or raising the speed of the 
motor, the speed of the alternating stimula- 
tion can also be varied. The instrument can 
be further improved by connecting a second 
motor to one of the rotating double prisms. 
One of the pictures can then be moved me- 
chanically across the macular field of one 
eye. This is beneficial in treating abnormal 
retinal correspondence. 

Suppression may be easily overcome by 
the use of this apparatus. I have examined 
several patients who were unable to obtain 
Grade-I fusion (simultaneous perception) 
with the major amblyoscope but who ob- 
tained simultaneous macular perception at 
once with this arrangement. It is ideal for 
examination of patients with more or less 
pronounced amblyopia of one eye. 

It is interesting to notice that the fusional 
persons appeared 
smaller with this apparatus than in the ma- 
jor amblyoscope. Perhaps it is the total ab 


amplitude in normal 


sence of peripheral stimuli (the role of 
which was first stressed by Dr. Burian in 
his ingenious experiments’) that causes the 
decrease of fusional amplitude. 

Our instrument may be more helpful in 
overcoming abnormal retinal correspondence 
than the ordinary devices. I have tried the 
apparatus in children after operation. In sev- 
eral instances where the orthoptoscope of 
Hamblin had failed to demonstrate Grade-I 
fusion, simultaneous macular perception 
with normal correspondence could be estab 
lished in one session. 

When the eyes are straightened by opera- 
tion, it is possible to train more patients si- 
multaneously ; when the angle of squint is 
corrected by prisms, it is also possible to 
exercise several patients at a time before 
operation. 

I have not yet obtained sufficient data to 
demonstrate clearly the advantage of this 
arrangement over the ordinary methods of 
orthoptic treatment, but the cases I have 
examined have already convinced me that 
this method will throw a new light on sev- 
eral problems connected with squint and that 
it is a most valuable aid in the examination 
and treatment of strabismus patients with 
suppression. 


Wilhelmina-Gasthuis 
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GLIOMA OF OPTIC NERVE 


Paut E, McFartanp, M.D. 
AND 
Joun Etsenpeiss, M.D. 


Phoenix, Arizona 


According to reports reviewed, glioma is 
the most common tumor of the optic nerve ; 
however, it is still rare as evidenced by a 
review of 669,857 patients at the Massachu- 


B.: The place of peripheral fusion in orthoptics. Am.J Ophth., 30:1005 (Aug.) 1947 


Arch. Ophth., 21 :486-491, 1939 


setts Eye and Ear Hospital,’ in which four 
such tumors were removed during a 36-year 
period. DeLong,’? at Wills Hospital, Phila- 
delphia, reported only one such tumor in 
230,742 patients, over a 12-year period. 
This case is presented with reference to 
the operative approach and pathologic clas 
sification. Review of the literature by Hud 
1912, reveals 182 cases; Mann- 
heimer* reported one case in 1940; Katzin,* 


son,*? in 
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one case in 1945; Wilson and Farmer* re- 
ported two cases in 1940; Rueling’ reported 
one case in 1943. 

As pointed out by Wilson and Farmer, 
these tumors are divided into two large 
groups: (1) The dural endotheliomas or 
meningiomas which arise from the fibrous 
sheath of the nerve, and (2) the gliomas 


Fig. 1 (McFarland). Appearance of patient at 
time of first examination. 


which arise from the neuroglial elements 
within the nerve itself, This case falls into 
the latter group. 


REPORT OF CASE 


History. V., nine-year-old Mexican 
girl, was first seen February 2, 1948, with 
the complaint of a protruding left eye of 
three years’ duration. The left eye was also 
turning outward (fig. 1). The girl com- 
plained of poor vision in the left eye and 
occasional headaches. There was no ocular 
pain at any time, no history of injury or 
of disease 


Eye examination. The right eye was nor- 


mal. The left eye revealed a marked 
proptosis, and pointed down and _ slightly 
outward. There was inability to move the 
left eye superiorly. There was no pulsation 
or tenderness. 

Exophthalmometer readings: O.D., 14 
mm.; O.S., 17 mm. Vision: O.D., 20/20; 
O.S., no light perception. Cornea: ©.D., 
normal ; O.S., suggestive corneal hypesthesia. 
Pupils : O.D., round, reacted to light, fundus 
normal; O.S., round, slightly larger than 
left; no reaction to light; consensual reflex 
present. Serology : negative. 
O.D., 


lens and media clear; disc 


normal; O.S., 
white with la- 


Ophthalmoscopy : 


mina cribrosa visible; blood vessels were 
smaller than normal; no retinal lesions vis- 
ible. 

Fields: O.D., normal, peripheral and cen- 
tral, with 3/300 white test object and 1/1,000 
white test object; O.S. No light perception. 

Roentgenograms revealed the left foramen 
to measure nine mm. in greatest diameter, 
the right foramen, four mm. No pathologic 
condition of the bone in the orbits was evi- 
dent. Neurologic examination, negative. 

Diagnosis. Primary optic atrophy, left eye. 
Probable optic-nerve tumor. 

Since the X-ray findings seemed to indi- 
cate that the intracranial part of the optic 
nerve was involved, it was decided to make 
an intracranial section of the nerve prior to 
enucleation. The preoperative diagnosis was 
glioma, optic nerve, left eye. 

Operation. On March 2, 1948, under 
endotracheal anesthesia, a concealed horse- 
shoe-shaped incision was made in the left 
frontotemporal region of the scalp. The bone 
flap elevated with no technical difficulty. The 
dura was separated from the roof of the 
orbit to the sphenoid ridge and incised. The 
left optic nerve was identified, It was found 
to be larger than the right, which was also 
examined, and gray-red in color. 

The roof of the orbit was removed medi- 
ally to the ethmoid sinus and laterally to 
its lateral wall. The bone was removed to 
and including the roof of the optic foramen. 
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Part of the left optic nerve was incised. The 
neoplastic involvement of this structure ex- 
tended intraorbitally. After the orbital con- 
tents were incised, the optic nerve was traced 
to the globe and a section was taken for 
microscopic study. The wound was closed 
in layers, and the scalp was sutured with in- 
terrupted silk sutures. An alcohol dressing 
was applied and a drain placed in the inferior 
angle of the wound. 

After a microscopic diagnosis had been 
obtained and the prognosis of the child's 
condition discussed with her parents, addi- 


tional surgery was done. 
On March 25, 1948, the wound was re- 
opened. Through the same exposure, the left 


optic nerve was identified, resected one- 
eighth inch anterior to the chiasm, and then 
dissected forward. Approximately 
fourth to one-half inch of the nerve was 
removed and the nerve was freed at its 
attachment to the optic foramen so that 


one 


enucleation and removal of the tumor, which 
extended into the orbital portion of the optic 
nerve, would be possible. 

On April 6, 1948, under ether anesthesia, 
enucleation of the left eye was performed. 
The optic nerve was found to be very large 
in size and had a grayish, spindle-shaped 
appearance. Considerable difficulty was en- 
countered in removing the nerve and globe. 
Tumor changes were present at the cut end 
of the nerve. 

Pathologic report. Several sections show a 
uniform picture of what appears to be glial 
tissue with considerable fibroglia present. 
The tissue is unusually cellular. The nuclei 
are uniform in size and shape and have a 
sparse chromatin material which is coarsely 
divided and diffusely scattered through the 
nuclei. There is no tendency to palisading or 
actual whorl formation, and no evidence of 
a neurofibromatous type of growth. 

There are numerous blood vessels which, 
apparently, have no tendency to endothelial 
proliferation. In some areas, the glial cells 
radiate toward the blood vessels, and fibrils 
are found extending to the inner surface. 


INSTRUMENTS 405 
The gliomatous growth extends to the open- 
ing of the optic nerve in the sclera, but the 
nervehead itself is not obtained on the sec- 
tion. There is considerable old granulation 


Fig. 2 (McFarland). Enucleated eye with 
resected optic nerve. 


tissue in this area which is not neoplastic. 
Diagnosis: Glioma of the optic nerve. 


CoM MENT 


The history in this case is characteristic— 
gradual loss of vision, slow development of 
exophthalmos, and no ocular pain. In this 
case, there was optic atrophy and complete 
loss of vision by the time surgery was per- 
formed. 

Verhoeff pointed out that gliomas were an 
overgrowth of glial tissue and were the only 
primary intraneural tumors of the optic 
nerve. They have no relation to the common 
malignant tumor of the retina called “Gli- 
oma.” Verhoeff* also reported on the histo- 
logic examination of these tumors. He states 
that gliomas do not increase in size by invad- 
ing or destroying the original nerve struc- 
ture, but enlarge by proliferation of the 
neuroglia in the vicinity of the growth. Gli- 
omas of the optic nerve have no tendency 
to return even after incomplete removal. 

Fields in the right eye of this patient, 
taken at regular intervals since the operation, 
have remained normal. Cranial nerves, with 
the exception of the second, have functioned 
adequately. Cerebral and cerebellar function 
has remained intact. Motor and sensory sys- 
tems have revealed no abnormalities. 
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HIGH HYPERMETROPIA 
REPORT OF TWO CASES 


Paut T. Sourucate, M.D. 
Long Beach, California 


In reviewing the literature, I found only 
one reported case of hypermetropia that was 
as high as two cases which have come to my 
attention, Tirelle,’ in 1947, reported the case 
of a six-year-old boy who wore a +16.0D. 
lens, R.E.; and a +17.0D. lens, L.E.; visual 
acuity with correction was: R.E., 2/10; L.E., 
1/10. 

Lambert and McDannald,? in 1931, re- 
ported five cases, a mother and four children, 
with hypermetropia ranging from +6.50D. 
to +10.0D. Convergent squint was present 
in some of their cases. 


CASE REPORTS 
I wish to report two cases of high hyper- 
metropia in sisters who, otherwise, are per- 
fectly normal, attractive little girls. 


Case 1 

History. G. G., aged six years, was re- 
ferred on November 12, 1948, by the school 
nurse who discovered her condition in a 
routine check of school children. The child 
always held her reading material close to her 
face and sat in the front row in school. Her 
school work, however, was apparently satis- 


factory 
Physical findings. The patient was a nor- 


: Arch. Ophth., 23 605-618 (Mar.) 1940 
Glioma of the optic nerve. J. lowa M. Soc., 33: (Sept.) 1943 
Primary intraneural tumors (gliomas) of optic nerve: A histologic study of 11 


mal child in every respect except for her 


eyes. 
Eye examination. Without correction, 
vision was: R.E., 20/200; L.E., 10/200. 


Externally normal. No muscle imbalance. No 
microphthalmia. Under atropine sulfate 
cycloplegia, the fundi appeared to be normal ; 
the lenses were proved to be present by the 
Purkinje images and slitlamp examinations. 

Retinoscopic examination showed: R.E., 
T 15.0D. sph., Riis + 15.0D. sph. Subjec- 
R.E., +15.0D. sph. 
20/70; L.E., +15.0D. 
sph. ~ +1.0D. cyl. ax. 90° = 20/200, Pre 
scription: R.E., +13.0D. sph. ~ +0.5D. 
cyl. ax, 90° = 20/70; L.E., +13.0D. sph. 
— +1.0D. cyl. ax. 90° = 20/200. 


tive refraction: 
+0.5D. cyl. ax. 90° 


Case 2 


History. M. G., aged 12, years, was first 
seen on December 11, 1948. In 1947, she 
had been seen by Dr. Thurber Le Win, 
Buffalo, New York, who had prescribed the 
glasses she was wearing. 

Physical findings. Except for her eyes the 
girl was normal in every respect. 

Eye Without correction, 
vision was: R.E., 7/200; L.E., 7/200, Ex- 
ternally normal. No muscle imbalance. No 
microphthalmia, 

Under homatropine cycloplegia the fundi 
appeared to be normal; lenses were proved 
to be present by the Purkinje images and 


examination 


slitlamp examinations. 
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Retinoscopic examination showed: R.E., 
+ 16.0D. sph +2.0D. cyl. ax. 75°; L.E., 
+ 16.5D. sph. + 2.0D. cyl. ax. 105°. Sub- 
jective refraction: R.E., +16.0D. sph. — 
+2.0D. cyl. ax. 75 20/200. L.E., 
+16.5D. sph. ~ +2.0D. cyl. ax. 105° 
20/200. Prescription: R.E., +16.0D. sph. 
> +2.0D. cyl. 20/200; L.E., 


ax. 75 


INSTRUMENTS 
+16.5D. sph. 105° 
20/ 200. 
This child is wearing the full homatropine 


+2.0D. cyl. ax 


findings. 
A third sister wears glasses but is only 


moderately hypermetropic, and the parents’ 


eyes are not remarkable. 
302 Professional Building (13) 
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FURTHER STUDIES OF 
STEVENS-JOHNSON’S DISEASE* 
PURULENT 

AND 


REPORT OF TWO CASES WITH 
CONJUNCTIVITIS, STOMATITIS, 
CUTANEOUS ERUPTION 


W. Yersy Jones, M.D 
Vew Vork 


Ruffal 


In 1946, in presenting a case of Stevens 
Johnson's disease, we reported some etioligix 
We to 


report two additional cases in which the 


studies of the disease now wish 


studies were continued, with special atten 
tion being paid to signs, symptoms, and 
laboratory work, 

The signs and symptoms of Stevens-John 
son’s disease are acute onset, with headache, 
anorexia, chilly sensations, fever, joint 
aches, coryza, bronchitis or bronchopneu- 
monia, mental confusion, and moderate to 
severe deafness. 

The skin generally exhibits macules, pap 
ules, and vesicles which may also be found 
on the buccal surfaces, palate, vaginal mu 
cosa, and glans penis. There is a severe 
purulent conjunctivitis and stomatitis. 

The marked constitutional symptoms serve 
to distinguish this disease from the erythema 
multiforme which von Hebra first described 


in 1886.' Patients with Stevens-Johnson’s 


* From the Department of Ophthalmology, Uni 
versity of Buffalo Medical School, and the Ed 
ward J. Meyer Memorial Hospital 


disease are acutely ill and once the disease 
is seen, recognition is not difficult. The etiol 
ogy is unknown, 


CASE REPORTS 

Case | 
History. C W.., 
born of Polish parents, was admitted to the 
hospital acutely ill on November 19, 1947, 


She was married and had two children 


a housewife, age 37 years, 


Her personal and past histories are not rele 
vant to the present illness 

The onset of the disease was about tive 
She noticed that she 


got chilly following a hot bath, That night 


days before admission 


her eyes felt sore and became red. The next 
day her mouth was sore and blisters ap 
peared on the inner cheeks and roof of the 
mouth. A productive cough developed, with 
difficult breathing, malaise, weakness, burn 
ing on urination, and vaginal discharge. 
Red spots developed upon the skin. Her 
physician prescribed penicillin for two days 
without relief. She then came to the hospital. 


At 
presented a diffuse bilateral conjynctival in 


Physical examination admission she 
jection with some purluent discharge. There 
were ulcerated areas of the mucosa of the 
mouth, pharynx, and fauces. 

The 


rhagic areas on the septum 


nares were reddened with hemor 


There were 
scattered ulcerated areas of the mucous mem 
brane of the tongue and cheeks. No adeno 


pathy in the neck was found, There was a 
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profuse vaginal discharge with tenderness, 
making vaginal examination difficult. The 
skin showed a bilateral papular eruption 
generalized over the entire body. 

Summary of laboratory work. Urine: one- 
plus albumen; many epithelial cells. Blood : 
Leukopenia ; Wassermann—negative. Feces: 
Occult blood, one plus. Sputum: Negative. 
Blood cultures: No growth. Sedimentation 
rate: 42 to 30-—-one hour (increased). Spinal 
fluid: Chlorides, 640 mg./100 cc.; sugar, 
55 mg./100 ce. X ray: Increased markings 
in both bases. 

Eye examination. The eyelids were mark- 
edly edematous, almost closing the palpebral 
aperture. There was a moderate amount of 
purluent exudate in the conjunctival sac flow- 
ing out on to the face and matting the cilia. 
The bulbar conjunctiva was injected, edema- 
tous, and chemotic. Both corneas were clear. 
Che pupils reacted normally. The iris ap- 
peared to be normal, as did the anterior 
chamber, Fundus examination was impos- 
sible because of edema and excoriation of 
the lids. Vision was markedly reduced in 
each eye. 

Treatment—The patient was treated symp- 
tomatically and, after about 11 days, temp- 
erature dropped and she began to improve. 
Sulfathiazole (5 percent) ophthalmic oint- 
ment was used in each eye. She was dis- 
charged at the end of six weeks to return to 
the out-patient department. 

During this time the right cornea de- 
veloped an opacity at the limbal area at 
about the 5-o’clock position. The left eye 
was clear. The conjunctiva remained beefy 
red with a slight amount of discharge for 
several weeks and, at the end of four months, 
still showed some injection and discharge. 
At the end of the 
infiltrates in the right eye had increased and 


three months corneal 
vision was reduced to counting fingers at 
two feet. Vision in the left eye was 20/50 
uncorrected, 

At this time the eves are quiet and clear 
except for residual scars in the right cornea. 
Vision is still reduced in the right eye. The 
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skin and mucous membranes show slight 
pigmentary changes. 


Case 2 


History. R. B., a 47-year-old white 
woman, was admitted to the hospital June 
29, 1948. She was comatose and the follow- 
ing history was obtained from her husband : 

She had been quite well and had no recent 


medication except for some treatment for 


obesity. Four days before admission she had 
had fever and chills, nausea and emesis, and 
a generalized rash and drowsiness. Her 
physician had then given her penicillin. She 
grew worse and was brought to the hospital. 

Physical examination. At admission she 
was semiconscious, breathing deeply and 
regularly. Her skin presented a generalized 
maculopapular eruption on the face, arms, 
legs, shoulders, and back. The mucous mem- 
branes of the mouth were ulcerated. There 
was a purulent conjunctivitis. One or two 
nodes were palpable in the neck. No other 
adenopathy was found. 

The ches: showed some dullness on the 
right side with a few moist rales. The heart 
was regular. No other physical findings were 
relevant. 

Summary of laboratory work. Urine: one- 
plus to negative albumen; negative to trace 
of glucose; rare pus cell. Blood: Urea 90, 
78, 81, 34, 17; CO,, 40 to 56; sugar, 104; 
hemoglobin, 13 gm.; white blood count, 
26,700, 91 percent of polymorphomuclears ; 
bleeding time, 2% minutes; clotting time, 
1% 
Wassermann 
showed Staphylococcus albus anhemolyticus. 
Cultures : 
diphtheria ; conjunctiva, a negative coagu- 
lose-type Staphylococcus. 


minutes; prothrombin, 20; control, 17; 


negative; blood cultures 


Nose and throat, negative for 


On the second day of her hospital stay, 
the patient was quite clear mentally and 
responded promptly. 

Eye examination. The eyes showed moder- 
ate beefy red injection and chemosis of the 
conjunctiva, especially the bulbar portion. 
There was a moderate amount of purulent 
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discharge in the conjunctival sac with mat- 
ting of the lashes. The skin of the lids 
showed maculopapular lesions which later 
become scaly and pigmented. The pathologic 
process in the right eye showed a grayish 
haze which was densest at the lower nasal 
quadrant and involved the pupillary area. 
The patient gave a history of a keratitis in 
childhood which left her with scars and re- 
duced vision, 

The left cornea remained clear throughout 
this illness. Vision was 20/200 in the right 
eye; 20/20 in the left eye. 

On the 11th day, the temperature dropped 
sharply; improvement was rapid, and the 
patient was discharged from the hospital on 
January 20, 1948, She returned to her home 
which was in another city and further study 
was not possible. 


INVESTIGATIONS* 
We did two types of investigation: 
Tyre 1 


We examined epithelial scrapings for in- 
clusion bodies, daily. 

Examination of epithelial scrapings from 
the conjunctivas and from the vagina when 
stained with Wright's or Giemsa stain failed 
to show the presence of inclusion bodies in 


either Case 1 or Case 2. 


Type 2 

The serum was examined in the manner 
previously described? for the presence of 
psittacosis antigen in the 2nd, 5th, and 10th 
week of the disease. 

The examination in Case 1 showed no 
complement fixation of the patient’s sera in 
the presence of psittacosis antigen in any 
dilution Case 2 
complement fixation of the patient’s sera in 


Examination in showed 
the presence of psittacosis antigen in serum 
dilution 1:2 (4 plus) and 1:4 (1 plus) in the 
second week of the disease. 


*I wish to thank Dr. Karl F. Meyer of the 
Hooper Foundation, University of California, for 
examining the sera. 
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DiscussION 


The name disease 
should be restricted to cases which present 


purulent conjunctivitis without membrane 


Stevens- Johnson's 


formation, stomatitis, and cutaneous erup- 
tions. There should be marked constitutional 
symptoms, anorexia, fever, malaise, some 
times deafness, and mental confusion, All 
other cases should be excluded from this 
classification. 

We believe that this disease is caused by 


a virus of the psittacosis group, and report 
our findings in three cases with the hope 


that this investigation will be repeated by 
others, 

Widerman’ reported two cases. He be- 
lieved that Stevens-Johnson’s disease is a 
variant of erythema exudativum multi- 
forme, but suggested the retention of the 
term Stevens-Johnson, Also he thought per- 
haps no single factor was responsible for 
the disease. 

Wentz and Seiple* suggest that Stevens- 
Johnson's disease is not an entity but a 
variation of erythema multiforme exuda- 
tivum. 

Weisberg and Rosen® state that erythema 
exudativum multiforme is a single entity 
and should not be separated into symptom 
complexes. They feel that the disease is an 
avitaminosis. 

Eger® reports one case and emphasizes the 
importance of recognizing the disease and 
its possible eye involvement. He attempts to 
clarify the terminology used to describe tine 
disease. 

Soll’ reported 20 cases of eruptive fever. 
This is an excellent article but the cases are 
not typical Stevens-Johnson’s disease. Kove* 
saw two cases and suggested a possible re- 
lationship of the disease to mumps. 

It is seen that there is much confusion 
among observers as to the terminology of 
this disease. It seems to us that a simple clas- 
sification of the types of erythema multi- 
forme is desirable. To restrict the term 
Stevens-Johnson’s syndrome would seem a 
good start. 
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the etiology of this disease, and more labora- 
tory investigations are desired. This may 
be less difficult in the future, as it would 
appear that the disease is occurring more 
frequently. 


2 
1946 


3. Widerman, A 
Med., 27 :830, 1947 


There is considerable speculation as to 
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ACUTE PORPHYRIA 


ASSOCIATED WITH RETINAL HEMORRHAGES 
AND BILATERAL OCULOMOTOR NERVE PALSY 


Norman S. Jarre, M.D. 
Brooklyn, New York 


Acute porphyria is a rare condition due 
to an error of metabolism. No more than 100 
cases have been reported. Porphyrins are 
colored compounds which have a widespread 
natural occurrence. They are found in hemo- 
globin, chlorophyl, and most plants. When 
porphyrins are found in abnormal amounts 
in the tissues, urine, and blood, the condition 
is known as porphyria. 

The porphyrias are divided into three 
groups: (1) Congenital, (2) toxic, (3) ac- 
quired idiopathic. 


ACUTE TOXIC AND ACQUIRED IDIOPATHIC 
PORPHYRIA 
These conditions appear to be the same 
except that the acute toxic form arises as 
a result of chronic poisoning. Most cases 


are due to sulfonal toxicity.’ Cases have also 
been reported following lead, pyramidon, 
acetanalid, sulfonamide, glycerine, veronal, 
and trional administrations.? The idiopathic 
cases have been attributed to some congeni 
tal metabolic disturbance, but it is likely 
that toxic porphyria occurs in patients with 
this latent error of metabolism, Cases have 
been reported subsequent to infections and 
pregnancy. The cause in the case to be re- 
ported is probably no different. 

Most cases have been observed in women 
between the third and fifth decades. How 
ever, it is not infrequent in men and children 
of both sexes. The prognosis is very poor, as 
many as 75 percent of the patients die dur- 
ing an acute attack. Most of the remainder 
succumb during subsequent attacks. Death 
has been attributed to bulbar involvement.’ 

The signs and symptoms of an acute at- 
tack are varied and involve numerous sys- 
tems of the body. In a characteristic se- 
quence, the patient first complains of severe 
alxlominal pain associated with constipation. 
Mental changes are commonly found. These 
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consist of extreme restlessness and irritabil- 
ity. Convulsions are common. Total disorien- 
tation and coma are occasionally met with. 
Pigmentation of the skin is a frequent ac- 
companiment.‘ The skin becomes yellow- 
brown or else yellow-brown spots appear on 
the neck and face. A skin 
lesion, hydroa of 
vesicles or bullae and appears on the exposed 
surfaces of the body. There is marked weak- 
ness of the upper and lower extremities. 
Deep tendon jerks are diminished or absent. 
The abdominal reflex is occasionally absent. 
The patient may complain of pain in the 
extremities during the acute stage. Accord- 
ing to Ford,® these patients do not show 
retrobulbar neuritis or oculomotor palsies. 
However, Harris? reported the occurrence 
of optic neuritis. 

Upon standing, the urine becomes red or 


characteristic 


vacciniforme, consists 


brown, Spectroscopic examinations for por- 


phyrins are positive. Spinal-fluid examina- 


tion is often normal but there may be in- 
creased amounts of globulin. Secondary 
anemia is common. 

The duration of an acute attack is vari- 
able. It usually lasts 4 to 6 weeks but may 
last for several months. Recurrences are the 
rule, 

The diagnosis is not a simple one if the 
urinary porphyrins are not observed. The 
acute abdominal pain in association with 
secondary anemia frequently leads one to 
suspect intra-abdominal bleeding. 

Congenital porphyria is rare and makes 
its appearance early in life. It is similar to 
the type already discussed except that there 
is pronounced sensitivity to light (skin 
lesions) and splenohepatomegaly. 


CASE REPORT 


History. M. P., a 22-year-old white, mar 
ried woman, was first admitted to the City 
Hospital with the major complaints of right 
lower quadrant pain, vomiting, and headache 
of one month's duration. For the past week 
she had had intense constipation unrelieved 
by milk of magnesia and cascara. 
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Her menses were regular, There was no 
weight loss. The patient was never pregnant. 
There was no antecedent infection. The re- 
mainder of the past history was noncontribu- 
tory. 

On admission the patient was pale, som- 
nolent, and disoriented. Blood pressure was 
100/60 mm. Hg. Pulse was 90, Temperature 
was 100.1°F. There were four small pete- 
chias on her abdomen. All deep tendon re- 
flexes were absent. The abdominal reflex was 
also absent. Blood serology was negative. 
Blood count and prothrombin time were 
normal. 

Ophthalmic examination revealed bilateral 
ptosis of the eyelids. Levator action was 
negligible on both sides. There was bilateral, 
incomplete oculomotor nerve palsy. The 
pupils were dilated and immobile to light or 
near stimuli. Both eyes could be abducted 
well. On attempted downward gaze, the eyes 
intorted, indicating good function of the 
superior oblique muscles. Convergence was 
impossible. Examination of the optic fundi 
revealed bilateral blurred discs and numerous 
hemorrhages which were nerve fiber, pre 
retinal, and choroidal in distribution. Most 
of the hemorrhages were in the vicinity of 
the optic discs, the maculas, however, being 
spared. There was no retinal pallor or edema. 
The vessels were of normal caliber. There 
were no evidences of hypertensive retinop- 
athy. 

A specimen of urine accidentally found 
two days after collection was red-brown in 
color. A fresh specimen was examined four 
days after admission. An ether extraction was 
performed and studied under a Wood lamp 
\ characteristic red glow was observed 
Spectroscopic examination was positive for 
porphyrins. This was subsequently confirmed 
several times. Blood examination was nega- 
tive for porphyrins. 

On the sixth hospital day the patient went 
into coma. On the eighth day she began to 
recover. The oculomotor palsies were clear- 
ing. On the 10th hospital day the patient was 
mentally clear. The oculomotor paralyses 
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were almost completely gone. Extraocular 
movements were normal in all directions of 
gaze. The patient exhibited an end-position 
nystagmus in the fields of action of those 
muscles supplied by the third cranial nerve. 
Most of the flame-shaped hemorrhages were 
gone and the others were absorbing readily. 
The pupils remained unresponsive. 
large bullae developed over the dorsum of 
both feet. Spectroscopic examination of the 
fluid from one of the bullae was negative 
Three weeks after admission 


Several 


for porphyrins 
the patient was entirely clear mentally. 


(COMMENT 


The signs and symptoms exhibited by this 
patient are consistent in most respects with 
a diagnosis of acute porphyria. There are, 
several unusual aspects to this case. 
report 


however, 
To my knowledge there has been no 
of a case of acute porphyria associated with 


the hemorrhagic phenomena observed here. 
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The occurrence of numerous retinal hemor- 
rhages and bilateral oculomotor nerve palsy 
with rapid recovery can only be explained 
on a hemorrhagic basis. The porphyrins are 
unassociated with the synthesis or the de- 
consequently the uri- 


struction of red cells; 
nary porphyrins cannot be attributed to the 


bleeding. 
The abdominal pain, associated with in- 
complaint 


tense constipation as a presenting 
followed by mental confusion, represents a 
very typical onset. The skin lesions were 
finding of porphyrins in 
the diagnosis. Hemato 


characteristic. The 
the 


porphyria need not 


urine clinches 


necessarily be present. 


SuMMARY 


A case of acute porphyria associated with 
retinal hemorrhages and bilateral oculomotor 


nerve palsy is presented. 


309 Sterling Place 


The porphyrins in human disease. Medicine, 


to disease: Porphyria. Oxford Medicine 
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RETINAL TEAR WITHOUT DETACHMENT 


Dr. H. GRAUPNER presented the 
case of the month, a 58-year-old man who 
saw a veil over his left eye after lifting a 
heavy load and bending down. He was seen 
a few hours later and a vitreous hemorrhage 
which reduced the to 20/100 was 


vision 


observed. In the extreme nasal periphery at 
the 9-o’clock position was a tongue-shaped 
retinal tear about the size of a disc. 

After eight days the vitreous had cleared 
sufficiently to observe a retinal flap hanging 


down into the vitreous, about five disc 
diopters in size, best seen with a +8.0D. 
lens. From the 10- to 12-o0’clock positions, a 
semicircular, fine, whitish line could be seen 
which represented the margin of the retina 
from which the flap was torn off. This line 
in its entire length was tightly attached to 
the underlying tissue and was nowhere 
curled in. Two vessels ended abruptly at the 
edge of the retina. The myopic pattern of 
the fundus was the same above and below 
this line of demarcation, the retina being 
transparent. Only the whitish line suggested 
the edge of the retinal tear. 

All over the extreme periphery of the 
eye, degenerative changes were conspicuous. 
Because of this extensive damage an electro- 
coagulation was done to the affected area, 
with the ball electrode. The upper large flap 
became reattached, even without the globe 
being perforated. The vision was 20/30 at 
discharge. 

Dr. Graupner discussed several outstand- 
ing features of this case. First, the vitreous 
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hemorrhage; for, as Knapp pointed out in 
his series, three cases out of five have 
vitreous hemorrhages in the beginning, as in 
this case. Vitreous hemorrhages would seem 
to be more frequent in cases of retinal tears 
without detachment than in ordinary detach- 
ments, and it is usually the hemorrhage 
which brings the patient to an ophthal 
mologist. 

The second point of interest in this case 
was that no detachment followed the large 
multiple retinal tears. Arruga suggested that 
choroiditic changes make the retina adherent 
and thus prevent the escape of fluid under- 
neath the retina. As Knapp pointed out, in 
three of his cases, no choroidal lesions could 
be seen ophthalmoscopically. In the case pre- 
sented there were no signs of choroiditis 
along the long margin of the retinal tears. 
A possible explanation was that a separation 
took place in the inner retinal layers. 

Vogt underlined the findings of Hanssen 
that Henle’s layers is the most frequent 
place of cystoid degeneration. He observed 
a splitting of the retina in 2 or 3 layers, but 
in the periphery and in 
smoothly attached margin 
this case suggests that at 


found this only 
small holes. The 
of the retina in 
least the external limiting membrane still 
covered the area where the large flap was 
torn off, thus preventing the fluid from 
separating the retina from the pigment 
epithelium underneath. 

In this case a cystoid degeneration of the 
retina in the form of fine vacuoles can still 
be seen close to the tear near the equator of 
the globe. Frequent vitreous hemorrhages in 
such cases could be explained by the fact 
that the inner retinal layers carry more blood 
than the external. 

Discussion. Dr. Ludwig von Sallmann 
said that the size, shape, and number of 
tears in Dr, Graupner’s patient accentuate 
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the enigmatic nature of the condition, which 
was the subject of controversy years before 
Gonin expressed his ideas on the patho- 
genesis of retinal detachment. Later, the 
of horseshoe tears 
without subsequent detachment was the most 


occasional occurrence 
valuable argument against Gonin’s theory 
which is now accepted almost everywhere. 
In attempts to explain the unusual course 
one turned to forces of traction and negative 
pressure from the vitreous space and to 
forces of adhesion and negative pressure 
present in the potential subretinal space. 
Although negative 
tribute essentially more to the final analysis 
of the condition, Dr. von Sallmann said that 


pressure may con 


he would like to mention two other mecha- 
nisms, one of which was discussed by Dr. 
(Graupner. 

retinal 
convinced Gonin and Lindner that first ad- 


Studies on the vitreous system 
and 
shrinkage of the 


hesions between retina and vitreous 


then detachment and 
vitreous are the usual prerequisites of typi- 
cal horseshoe tears. In Dr. Graupner’s pa 
tient and in an analogous patient of Dr. Le 
Grand Hardy seen three years ago the 
detached far forward. In 


neither of these eyes was it possible to 


vitreous was 
examine biomicroscopically the lesions in the 
retina because of their peripheral location 
However, in Dr. Hardy's patient, a free 
operculum lying far in front of the retina 
indicated that the vitreous had lost contact 
with the region of the tear. The apronlike 
appearance of the retinal flap in Dr. Graup 
ner's patient suggested a similar behavior of 
the vitreous. The question could be raised, 
therefore, whether such disengagement of 
the vitreous from the flap and the adjacent 
retinal tissue could have something to do 
with the favorable course 

Dr. Graupner mentioned the possibility of 
a retinal factor, that is, splitting of the 
retina, a retinal schisis. When Dr. von Sall- 
mann first saw the patient he had the im- 
pression that the retina was flat, detached 
adjacent to the temporal tear, but this ob- 
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servation was not unequivocal enough to 
serve as an argument against the splitting 
theory. On the contrary, such a mechanism 
deserves full consideration despite the fact 
that no histologic evidence is available for 
such a condition and despite the fact that 
cystic changes in the periphery of the fundus 
of Dr. Graupner’s patient were by no means 
excessive. Unfortunately it is not possible 
to apply the differential diagnostic signs to 
distinguish between complete and_ partial 
holes in the macula and peripheral retinal 
tears. 

Dr. von Sallmann said that he wondered 
whether Dr. Graupner agreed with him that 
it is safer for the time being to adhere to 
the classical interpretation, which goes back 
that the in 
flammation which causes the vitreous-retinal 


to Gonin and Lindner, that is, 


adhesions may have also caused minimal 


chorioretinal synechias. In Graupner’s and 
Hardy's, as in several cases of Arnold 
Knapp, they could have been so fine that 
they were not 


seen ophthalmoscopically 


Gonin has described histologically such 
choroiditic changes. 
Sallmann re 


ferred to Dr. Dunnington’s observation that 


As to treatment, Dr. von 


a retinal tear without detachment was fol 
lowed by retinal separation several months 
after onset. Second, he referred to a patient 
of Dr. Lindner who had typical retinal tears 
in both eyes. One eye developed retinal de- 
tachment and was successfully operated. 
The patient did not consent to an operation 
on the second eye and no retinal detachment 
developed in this eve. Dr. von Sallmann con 
cluded that it 
prognosticate what is going to happen so 
that 
Graupner, seems to be the treatment of 


choice. 


is obvious that one cannot 


cautious surgery, as described by 


Dr. Charles A. Perera said that he saw 
the patient four days after the reported 
onset of the condition. The appearance was 
not typical of those cases described as hole 
in the retina without detachment and was 
complicated by hemorrhage. Dr. Perera said 
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he thought the patient had a flat detachment 
adjacent to the hole. He then reviewed the 
various causes of retinal holes and said that, 


in the case presented, the explosive force 


of the hemorrhage was the probable cause. 
He said that he had seen six cases of retinal 
holes and the end results varied. He advised 
surface diathermy as the best surgical pro- 
cedure in most cases. 


CATARACT EXTRACTION 


Dr. Ray K. Datty, Houston, Texas, pre- 
sented (by invitation) a motion picture on 
this subject. 


LACERATION OF THE CANALICULUS 


Dr. BENJAMIN ESTERMAN presented six 
cases of fresh lid laceration involving the 
canaliculus, in which the usual method of 
repair was modified. The former method of 
using a metal sound to splint the canaliculus 
was found to interfere with proper suturing 
of the conjunctival aspect of the wound and 
to render unsafe the use of a pressure dress- 
ing postoperatively for fear of necrosis 
caused by pressure of the metal 

Instead, a No. 2 catgut suture on a half- 
curve atraumatic, noncutting needle is 
threaded through two sections of the lacer- 
ated canaliculus, into the lacrimal sac, and 
out through the anterior sac wall and skin. 
Prior to its passage, the point of the needle 
is blunted ever so slightly by passing it once 
over the surface of a whetstone to prevent 
the point from catching the mucosa of the 
canaliculus and sac and lacerating it. 

In all six cases, complete patency of the 
lumen of the canaliculus was achieved, dur- 
ing follow-up periods of from 1 to 3 years. 
This was shown by (1) absence of tearing, 
(2) ease of irrigation of the injured duct 
during the follow-up period, and (3) evacu- 
ation time of fluorescein solution from the 
conjunctival sac of the injured eye as com- 
pared with that of the other eye. 

Dr. Esterman concluded by emphasizing 
two factors: (1) That all cases were oper- 
ated within 12 hours from the time of the 


injury and (2) that the torn edges of the 
canaliculus were found with surprising ease 
even in very ragged lacerations. 

CONGENITAL AND ACQUIRED DACRYOCYSTITIS 


Dr. O. RyYCHENER, 
Tennessee, said (by invitation) that, in the 


Memphis, 


small field of lacrimal disease, several note- 
worthy changes in treatment have been ob- 
served recent In congenital 


stenosis, it was formerly advised either to 


years. 


give no treatment at all or to pass giant 
Ziegler probes after slitting the upper punc 
tum; the modern concept is to pass tiny, 
No. 0 or No. 00 Bowman probes in the first 
few weeks or months, with the result that 
1 or 2 treatments cure a condition which by 
delay may result in acute dacryocystitis with 
all its complications, including osteomyelitis 
of the maxilla. 

Epiphora used to be managed by slitting 
the canaliculus even though a real constric 
tion of the lacrimal duct could be demon 
strated, with the result that tearing always 
persisted after the real pathologic condition 
in the duct was corrected. Lacrimation due 
to hypersecretion is now attacked at its 
source, either by X-ray therapy directed at 
the gland to diminish its output, or by 
injection of the 
obstruct the 


cocainization or alcohol 
ganglion to 


nerve supply to the gland, since the tears 


sphenopalatine 


are frequently increased by irritating lesions 
in the nose. Epiphora due to senile ectropion 
requires correction by one of the accepted 
treatments of lid shortening, but when it is 
due to outward displacement of the lower 
punctum only, a few well-placed Ziegler 
cautery punctures will yield a most satis 
factory result. 

Hyposecretion as evidenced by keratitis 
sicca is well managed by closure of the 
puncta with the actual cautery, whereupon 
the mucous glands of Krause furnish 
enough lubrication to keep the cornea moist 
and comfortable. It is well to seal off only 
the lower punctum at first as lacrimation 
may be sufficient to cause tears to stand 
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constantly in the eyes if too enthusiastic 
treatment is employed. The upper punctum 
can always be closed at a later date if 
necessary. 

Dr. Rychener said that, as a resident on 
a fine ophthalmic service, he was taught no 
surgical procedure on the lacrimal sac other 
than excision, which of course never cured 
chronic dacryocystitis, as the canaliculi still 
remained to act as potential sources of infec- 
tion for the debilitated Dacryo- 
rhinostomy of one form or another has been 
the greatest advance in this field in the past 
25 years and there exists no longer any ex- 
cuse for any other procedure, provided the 


cornea. 


passageway from the punctum to the sac is 
intact. The evidence of any mucocele, no 
matter how small, in the lacrimal sac is an 
indication for such therapy, and one should 
not hesitate even though only one, and that 
an upper, canaliculus is intact. 

Because of its good results in his experi- 
ence, Dr. Rychener said he prefers the 
Dupuy-Dutemps dacryorhinostomy as modi 
fied by Chandler, which provides a three- 
sided tunnel of mucous membrane which is 
less likely to be occluded by bony ingrowth. 
All ethmoidal cells which happen to be in the 
way should be completely exenterated and 
care should be taken not to close the mucous 
membrane of the lacrimal sac with that lining 
an ethmoidal cell. A large bony window, at 
least 10 by 12 mm. or preferably more, is 
desirable as it facilitates the handling of the 
Naps. Special atraumatic sutures and a small 
mosquito hemostat as a needle holder are 
refinements which have been found valuable 
and time saving, This operation has been 
used on patients from 18 months to 72 years 
with complete satisfaction 

Bernard Kronenberg, 
Recording Secretary 
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PALPEBRAL PTOSIS 


Dr. Marin Amat discussed the superior- 
ity of the Motais operation in the treatment 
of palpebral ptosis, covering extensively 
every phase of the subject—the etiology, 
clinical forms, patient's age and social status, 
and so forth. In classifying the etiology, he 
divided the cases into two large groups, the 
congenital and the acquired. In both of these 
there are two varieties according as to 
whether the paralysis stems from the cranial 
nerve (a branch of the motor oculi) or from 
the sympathicus. 

The principal part of the paper was de- 
voted to treatment which must take account 
of the etiology, whether the condition 1s 
congenital or acquired especially 
whether it is an isolated phenomenon or part 
of a complex clinical picture. Surgical inter- 
vention is indicated only when the condition 
is isolated, One must also watch the extent 
of the affection, whether it is partial or total, 
in order to choose the best operative pro 
cedure. These he divided into five groups: 
(1) Procedures which excise a portion of 
the tissues of the upper lid; (2) procedures 
which advance the tendon of the levator 
muscle; (3) procedures which substitute the 
frontalis muscle for the levator muscle; (4) 
procedures which utilize the superior rectus 
muscles; and (5) mixed procedures. The 
author advocates the Motais operation of 
substituting the superior rectus for the leva- 
tor. This operation, with his modifications, 
gives the best functional results, 

Discussion. Dr. Mario Esteban said that 
the innumerable operations for ptosis can be 
classified into three groups: 

1. Those which shorten the lid. They 
should be avoided as they may produce a 
lagophthalmos which is even worse than 


and 


the ptosis. 
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2. Those which shorten or advance the 
levator muscle. These are especially indi- 
cated in cases of ptosis due to insufficiency 
or relaxation of the levator. 

3. Those which aim to substitute the oc- 
cipito-frontalis or the superior rectus for 
the levator. These should be preferred for 
cases of ptosis due to paralysis of the leva- 
tor. Naturally they are indicated only when 
there is an isolated paralysis of the levator 
muscle, One must make sure that there is not 
a complete paralysis of the third nerve, in 
which case the operation would reveal a 
diplopia hidden by the drooping lid and 
correcting the ptosis would make matters 
worse, 

Supplanting the levator with the frontalis 
(Hess method) is an easy operation to per- 
form, but its effect is to move the lid only in 
a vertical direction which is not exactly 
normal nor correct. Supplanting the levator 
with the superior rectus ( Motais operation ) 
follows most perfectly anatomic and physio- 
logic principies, since both muscles pull in 
the same direction, are innervated by the 
same nerve, and are synergists 

Working on the same principles as Mo- 
tais, we developed a technique which we be- 
lieve is better. Instead of taking a flap from 
the superior rectus to attach to the tarsus, we 
suture the whole levator to the whole su- 
perior rectus, more posteriorly the more 
marked the ptosis. The prime advantage of 
this method is that traction on the lid is not 
limited to one point, but is accomplished by 
means of all the insertions of the levator, 
with its cutaneous and tarsal tendons ex- 
tending fan-shaped along the width of the 
lid 

Dr. B. Carreras Duran: The result of Dr. 
Marin Amat’s operation by the Motais meth- 
od is very satisfactory. It is worth noting 
that the first Motais operation in Spain was 
published by Professor Marquez. It was a 
case of unilateral ptosis. The second case 
was published by me in 1918. This was a 
case of bilateral ptosis with excellent results 
In spite of this, however, I believe that the 
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procedure outlined by Dr. Mario Esteban 
is more logical, since the original tendon 
of the levator is acted on by the superior 
rectus. The innervation of the levator and 
of the superior rectus stems from a filament 
which divides into two branches, one for 
each muscle, In reality, however, the inner- 
vation of each of these muscles comes from 
a different group of cells in the nucleus of 
the motor oculi, 

Dr. B. Carreras Matas: In choosing an 
operation for ptosis, one must take into ac- 
count that, if the patient does not have any 
wrinkles in his forehead, an operation to 
utilize the frontalis muscle should not be 
made. One must choose the Motais opera 
tion. 

Dr. Marin-Amat (in reply): Dr, Mario 
Esteban’s method of anastomosing the ten- 
dons of the levator to the superior rectus, 
which may be called Motais operation in re 
verse, presents serious difficulties in its exe 
cution and offers little or no guaranty of its 
practical efficiency since it is difficult to 
judge the pull of the levator tendon in its 
new position, something which is easy in the 
Motais operation, As for anastomosing the 
whole tendon of the levator to the superior 
rectus, this is impossible because the levator 
has a width of some 35 mm. and the su 
perior rectus, approximately 12 mm. 

Although dissociation on closing the lids 
and elevating the eyeball during sleep is a 
function acquired during the earliest time of 
life, it can be acquired in later life by train 
ing, as in all our cases. 

The objections of Dr. Carreras Duran 
have been answered in the reply given to 
Dr. Mario Esteban. The question of the in 
nervation of the levator and the superior 
rectus, has not yet been settled. According 
to Bernheimer, each muscle has its own nu- 
cleus; according to Hensen and Volckers, 
the levator and the superior rectus have a 
common nucleus. However, this is rather far 
removed from our subject of the surgical 
treatment of ptosis. The surgeon may not 
be able to obtain physiologic perfection in 
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his operations, but he must try to approach 
it. 


SPURIOUS RETROBULBAR NEURITIS 


Dr. Carreras Matas said that the ap- 
pearance of homonymous hemianopia threw 
doubt on the diagnosis of retrobulbar neu- 


ritis in a patient who had shown a central 


unilateral scotoma, Further exploration gave 
evidence of a chromophobic adenoma of the 
hypophysis. After treatment with X rays the 
scotoma disappeared, the visual fields were 
normal, and the patient recovered normal 
visual acuity. 

Discussion, Dr. Mario Esteban: This in- 
teresting case, so well handled by Dr. Car- 
reras Matas, carries many lessons. As to the 
clinical diagnosis, repeated examination of 
the visual fields led to the discovery of a 
hemianopia, where previously there seemed 
to be only a simple retrobulbar neuritis. 
With reference to the topographical diag- 
nosis: A hypophyseal tumor does not always 
iffect the chiasma symmetrically, producing 
Che may 
grow eccentrically, or vascular compression 


bitemporal hemianopia tumor 


may cause a hypophyseal tumor to rebound 
to one side and involve one optic tract, pro- 
ducing a defect corresponding to homony- 
mous hemianopia. 

Visual-field tests show clearly that the 
X-ray therapy caused the tumor to regress. 
In a tumor of the hypophysis, the ophthal- 
mologist has to refer the patient to a radi- 
ologist or toa brain surgeon. In spite of 
the marvelous progress of cranial surgery, 
we must remember the seriousness of such 
heroic interventions. However, we must also 
remember that many times radiotherapy fails 
and the case is brought to the surgeon after 
a delay, making the operation more difficult 
and the outcome less likely to be successful 
We may begin with radiotherapy and dili 
gently watch the consequences of the treat 
ment, A favorable result, as in this case, 
will lead us to continue the same treatment 
But if this treatment proves ineffectual, then 
the patient must be sent immediately to the 
brain surgeon. Any loss of time will lessen 
the possibilities of a surgical cure 

Joseph I. Pascal, 
Translator. 
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NEW EVIDENCE RELATING TO PROPRIOCEPTIVE SENSE 
IN THE EXTRINSIC EYE MUSCLES 


Muscles spindles have, for the first time, 
been definitely demonstrated in the extra- 
ocular muscles of man by Sybil Cooper and 
Peter M. Daniel. The methods used and the 
results obtained are reported in Brain for 
March, 1949, 

At the 1949 meeting of the Western Sec 
tion of the Association for 
Ophthalmology 
land reported electrophysiologic experiments 


Research in 
Flanagan, Hill, and Kvern- 


conducted in Dr. Kenneth Swan's depart- 


479 


ment at the University of Oregon, They 
demonstrated no constant barrage of pos- 


extraocular muscles 
state of the 


tural reflexes in the 


during the resting (static) 
muscle. 

Sherrington so convincingly showed the 
dependence of posture, and presumably tone, 
upon proprioceptive reflexes that, as a result 
of his work, proprioceptive sense has been 
thought by many physiologists to play an 
important part in orienting and modifying 
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certain visual perceptions, as projection, 
stereopsis, and interpretation of motion on 
the retina. Older authorities, as Helmholtz, 
Tscherning, and Hering, attributed no im- 
portance to the influence of proprioception 
from the eye muscles in these visual percep- 
tions. 

In 1936, Ludvigh and I investigated pro- 
prioceptive sense in the extraocular muscles. 
We could find no striking histologic evidence 
in favor of it, as up to that time muscle 
spindles had not been found in human ex- 
trinsic eye muscles, and we could not demon- 
strate position sense derived from sensory 
impressions from the extraocular muscles, 
and therefore concluded that “propriocep- 
tive sense, if extant in the extraocular 
muscles, plays no role in projection, stereop- 
sis, and the interpretation of motion on the 
retina,” 

In 1939, Chavasse, in his textbook, 
Worth’s Squint, answered some of our argu- 
ments against the existence of propriocep- 
tive sense with the hypothesis that proprio- 
ceptive sense is readily inhibited if the 
proprioceptions are bizarre and incapable of 
synthesis with other perceptions. He goes on 
to state that “the immediate, indeed instan- 
taneous, development of this inhibition of 
proprioception accords in the first place 
with the vagueness of ocular proprioception 
in general, unless reinforced by alliance with 
exteroceptive stimuli.” 

The recent article by Cooper and Daniel 
is important because of the evidence it con- 
tains of proprioceptive end-organs in the eye 
muscles. These authors studied the orbital 
contents removed at necropsy from about 60 
patients. 

Serial sections were made so that the total 
number of muscles spindles present in a 
particular muscle could be counted and their 
exact distribution throughout the muscle 
ascertained. The extrinsic eye muscles of 
various animals were examined in a similar 
manner. The authors found the muscle 
spindles in the extrinsic eye muscles to be 
smaller and more delicate end-organs than 
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comparable structures in other somatic 
muscles. 

Like its larger counterpart, the spindle in 
the eye muscle consists of a group of fine 
cross-striated muscle fibers with a rich nerve 
supply enclosed in a torpedo-shaped capsule 
of fibrous tissue. This capsule is very much 
thinner in the eye muscle spindles than in 
muscle spindles of other human somatic 
muscles, and the considerable quantity of 
connective tissue around the muscle fibers of 
the eye muscles has prevented the recogni- 
tion of these capsules particularly if any 
autolysis has taken place prior to fixation of 
the tissue. 

This difficulty, along with the location of 
the spindles at the ends of the muscles and 
their absence in the belly of the muscle, ex- 
plains in part the failure of earlier investi- 
gators to find them. 

Approximately 47 muscle spindles were 
counted in one inferior rectus muscle. In- 
ferior recti oculi always appeared to con- 


’ tain the greatest number of spindles although 


all the recti were richly supplied. The 
obliques seemed to have a rather smaller 
complement than the recti. The levator 
palpebrae superioris was always poorly sup- 
plied with spindles, 

For comparison with the extrinsic eye 
muscles the distribution and number of 
spindles in the first lumbrical muscle of the 
human hand was studied. This muscle is 
about the same length as the rectus oculi 
muscle and is supposed to be one of the most 
finely adjusted of all the somatic muscles. 
The spindles in the lumbrical muscle were 
present throughout the muscle, being most 
common in the belly. They were strikingly 
apparent owing to the thickness of their cap- 
sules. The total number of spindles found 
in the human first lumbrical muscle was 
49. 

Up to the present time Cooper and Daniel 
have found muscle spindles in the extrinsic 
eye muscles of the cow, gnu, goat, wild and 
domestic sheep, pig, giraffe, and chimpanzee, 
and have found no muscle spindles in the 
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extrinsic eye muscles of the rabbit, cheetah, 
cat, dog, bear, or macaque monkey. 

They remarked on the incongruity of 
these findings, noting that spindles were 
found in animals that tend to move their 
eyes and have highly developed visuomotor 
reflexes, and absent in those animals whose 
eyes are relatively fixed and who rely on 
movement of the head for change in direc- 
tion of gaze, with little range of eye move- 
ment. To quote directly : 

“It is clear from the evidence presented 
in this paper that muscle spindles, the recog- 
nized sensory endings for the prioceptive 
sense in somatic muscles, are present in all 
human extrinsic eye muscles and in the eye 
muscles of certain animals. Their function 
in these muscles must surely be similar to 
their function in other somatic muscles. 
They provide a tangible proof of sensory 
endings in the extrinsic eye muscles and 
they give to these muscles a means of record 
ing their own activity.” 

The new evidence presented by Flanagan, 
Hill, and Kvernland as well as that by 
Cooper and Daniel must be incorporated into 
our concept of the physiology of the extra- 
ocular muscles. Muscle spindles in other 
somatic muscles are known to be propriocep- 
tive organs and demonstration of them in 
the eye muscles suggests that they serve a 
similar here. The im- 
portance of stretch reflexes as subserved by 


sensory function 
“proprioceptive sense” in the role of estab- 
lishing postural tone must be evaluated in 
the light of the evidence presented by Flan 
agan and others. 

It is quite possible that the extraocular 
muscles have an elastic resiliency independ- 
ent of afferent-efferent 
from myotatic reflexes. This resiliency per- 


impulses derived 


mits smooth coordinated movement and les- 
sens the necessity of a concept of reciprocal 
innervation leading to active relaxation of 
the antagonist muscle. Furthermore, the eye 
has the retina, a sensory organ “par excel- 
lence,” to guide and control its movements, 
and no one can question the importance of 


retinoception in preventing ataxic move- 
ments of the eye. 

After consideration of the evidence, it 
seems that the proprioceptive sense of the 
eye muscles might be relegated to a vague 
orienting of the position of the eyes to the 
position of the head, with, as Chavasse 
suggested, an increasingly greater effect as 
it is reinforced by other reflexes. The role it 
may play in influencing visual perceptions 
is enhanced by the new histologic evidence 
of proprioceptive end-organs in_ these 
muscles, 

S. Rodman Irvine 


THE LOS ANGELES MIDWINTER 
POSTGRADUATE COURSE 

The 19th annual midwinter postgraduate 
course of the Los Angeles Research Study 
Club was held from January 15th to 27th, 
the week of the 15th to the 21st being de- 
voted to ophthalmology. Dr. Conrad Berens 
and Dr. Raymond Meek of New York were 
the principal speakers. Their lectures cov- 
ered the various phases of surgery, ocular 
fatigue and asthenopia, reading disability, 
surgical anatomy, and Dr. 
Frederick C. Cordes discussed the congenital 


therapeutics. 


and acquired anomalies of the optic disc. 

Instruction courses were given by Dr. 
A. E. Cruthirds, Dr. S. Rodman Irvine, Dr. 
Raymond Meek, Dr. Harold Whalman, and 
Dr. Frederick C. Cordes. 

The course was well attended, the 289 
registrants representing 24 states, Canada, 
and the Hawaiian Islands. 

On Tuesday night Dr. Phillips Thygeson 
delivered the third Estelle Doheny Eye 
Lecture, his subject being “The etiology and 
treatment of phlyctenular keratitis.” 


The round-table luncheons were very 


popular, those attending the course putting 
many questions to the instructors on subjects 
that they had discussed. 

Many men attend this course every year 
and the good fellowship, renewal of friend- 
ships, and exchange of ideas is one of the 
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outstanding features of the course. In addi- 
tion, those in charge see to it that the social 
side is well taken care of. There is a recep- 
tion on the first day, an organ recital, a 
cocktail party, a theater party, and tickets 
are available to practically all of the na- 
tionally known radio broadcasts which origi- 
nate in Hollywood. “Holiday Dream” added 
a good deal to the writer’s enjoyment at the 
course by winning the eighth race at Santa 
Anita. 

Another noteworthy feature of this 
course is that those in authority have used 
the profits from the course to further re- 
search. Among the institutions that have 
received sizeable grants for research in 
ophthalmology are the University of Iowa, 
the University of Oregon, and the Univer 
sity of California. At this year’s meeting 
there was presented to the Incorporated 
Committee of the Research Study Club a 
report of an outstanding piece of research 
on toxoplasmosis carried on under one of 
these grants. This report will be published 
soon. 

In addition to such internationally known 
men as Bielschowsky, Elschnig, Wright, 
and others, the Research Study Club has 
brought many nationally known ophthal 
mologists to the West Coast. The midwinter 
postgraduate course of the Research Study 
Club has become one of the ophthalmic tra 
ditions of the West. 

Frederick C. Cordes. 
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PLINIO H. MONTALVAN 
(1905-1950) 


On the morning of January 18th, Dr. 
Plinio H. Montalvan died in Havana of a 
heart attack. He was 45 years of age. 

Born in 1905 at Cienfuegos, Cuba, Dr. 
Montalvan studied at the University of 
Havana from which he was graduated in 
1927. In 1930, he studied at the School of 
Aviation Medicine, Randolph Field, San 
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Antonio, Texas, from which he was grad- 
uated as flight surgeon. After this, he spent 
two years at the Wilmer Ophthalmological 
Institute of The Johns Hopkins University 
and Hospital. He was a devoted disciple of 
Dr. Wilmer whom he followed to Washing- 
ton. 

Dr. Montalvan was a member of the 
Cuban Opthalmological Society be- 
longed to the medical staff of the Cuban 
Army. He had the highest esteem of his 
colleagues and was, at the time of his death, 
on the staff of the Miramar Hospital and a 
member of the Asociaci6n Cubana de Bene 
ficencia. 

Besides his wife, Mrs. Ruth Warner 
Montalvan, Dr. Montalvan leaves two small 
sons and a daughter. 

Tomas R. Yanes. 


BOOK REVIEWS 
Vision: Its DevecopMeNT IN INFANT AND 

Cuitp. By Arnold Gesell, M.D., Frances 

L. Ilg, M.D., and Glenna Bullis (assisted 

by Vivienne Ilg, O.D., and G. N. Getman, 

O.D.). New York, Paul B. Hoeber, Inc., 

1949. Clothbound, 352 pages, 179 illustra 

tions. Price $6.50. 

The first group of chapters in this book 
will be of great interest to the ophthalmolo 
gist as they represent expert studies in the 
held of development of the infant and young 
child. The relationship of vision to this 
physical and mental expansion of the per 
sonality will be new to most ophthalmolo 
gists. Furthermore, these sections would be 
valuable for any intelligent parents. A 
knowledge of their contents would enable 
them to understand much more clearly the 
purpose of the child’s actions and give in 
sight into the motivating processes as growth 
takes place. These chapters would also serve 
as yardsticks for expectations and indicate 
to ophthalmologists and parents when these 
processes are delayed or abnormal 

As one reaches the middle of the book, 
there are introduced experiments with 
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retinoscopy which leave the ophthalmolo- 
gist with a feeling that there has been an 
attempt to draw conclusions from _ this 
special test that are decidedly questionable. 
Retinoscopy is performed with undilated 
pupils, the child fixing on a distant object, 
and the observer also being at a considerable 
distance from the child. Attempt is made to 
deduce the nature of the child’s reaction 
from such things as observations of the 
“with” or “against” movements and color 
changes, such as brightness, dullness, and 
whiteness of the reflex. 

The reader immediately wonders why the 
alleged changes were not checked undet 
cycloplegia which would have eliminated the 
possibility that the accommodative effort im 
the child was important in the changes de 
scribed. The authors state that they thought 
the conditions were much more natural with- 
out cycloplegia and gave this as the reason 
for not using this obvious method which 
would have eliminated one of the disturbing 
factors. It is true that the reflex can be ob 
tained after a little practice through the di 
lated pupil at a 20-foot distance. But to 
attribute these alleged color changes to 
mental processes impresses the reviewer as 
extremely doubtful. 

However, the idea is new and anything 
new should be given thoughtful considera 
tion with careful checks. The obvious pro 
cedure would be checking with cycloplegia 
rhe serious doubt of the conclusions of the 
retinoscopists tends to shake the confidence 
in some of the later material in the book 
This is unfortunate since certainly the 
writers get off to a fine start in unravelling 
the relationship of the development of the 
eve to the body as a whole. But one can 
scarcely believe that the conclusions from 
retinoscopy which are stressed have the 
significance attributed to them by the 
authors Lawrence T. Post. 


GoretHe as A Scientist. By Rudolf Mag- 
nus. ( Translated by Heinz Norden.) New 


York, Henry Schuman, Inc., 1949. 250 
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pages with bibliography and index. Price, 

$3.50. 

This interpretative work, originally pub 
lished in 1906 as Goethe als Naturforscher, 
is now available in an excellent English ver 
sion thanks to the interest created by the 
Goethe bicentennial. The book covers in 
lucid detail the scientific aspect of Goethe's 
personality and describes fully his experi 
ments and discoveries in the fields of com 
parative anatomy, morphology, light, and 
color. 

Goethe amassed a vast array of color data, 
and the optical instruments with which he 
conducted his ingenious experiments are 
still preserved in the Goethe House. His 
viewpoint was solely subjective. Even aftet 
studying Kant he never realized the im 
portance of distinguishing sharply between 
his sensations and the stimuli that aroused 
them. Nor did he apparently apply to his 
own work his belief that “it is in the transi 
tion from fact to judgment that the scientist 
exposes himself to the greatest danger of 
error.” 

Goethe, as a many-sided creative artist 
has been aptly compared to Leonardo da 
Vinci. Goethe sought unity everywhere in 
nature, and Magnus correctly stresses the 
influence of this leitmotif in all his work 
The book deserves, and should win, a wide 
audience James E. Lebensohn. 


Tue Vatue or Hormones IN GENERAI 
Practice. By W. N. Kemp. Minneapolis, 
Minn., Burgess, 1949. 115 pages. Price, 
not listed. 

This mimeographed, spiral-bound book 
of 115 pages systematically tells all that the 
general practitioner is likely to need to know 


about each of the endocrine organs. From 
the point of view of the endocrinologist, the 
ophthalmologist is a general practitioner and 
the book is to be highly recommended to 
him, The arrangement is perspicuous, non 
essentials are omitted, and matters of im- 
portance are adequately described. 
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Despite its schematic arrangement, the 
book is in no sense a mere outline. The 
function and diseases of each gland, the 
syndromes that are associated with it, the 
means of differential diagnosis of the latter, 
and the pharmaceutic preparations for each 
gland are exhibited in detail. 

There are references for further reading, 
though it is not likely that the ophthalmolo- 
gist will fail to find all he needs in this text. 
There is also a table of normal values for 
the chemical analysis of blood that are of 
interest in endocrine disturbance. 

F. H. Haessler. 


TRANSACTIONS OF THE OPH THALMOLOGICAL 
Soctety or tHe Unrrep Kincpom, Lon- 
don, jE and A. Churchill, Ltd., 1947, 
Volume 67, 530 pages. 

This volume contains the reports of the 
eight affiliated ophthalmologic societies of 
the United Kingdom 

The presidential address by A. J. Ballan- 
tyne was a brief summary of the aging of 
the eye and the associated physical and 
mental signs of senescence. The immense re- 
sources going to waste in the valuable ex- 
perience and unused skills of the elderly 
men and women were noted. The importance 
of patience and long views in political argu- 
ment and reform was suggested 

Rhinology in relation to ophthalmology 
was discussed by Marshall, Howells, Me 
lanowski, and Godtfredsen. 

Diseases affecting the retinal veins and the 
associated variation in caliber, sheathing, 
capillary circulation evidenced by micro- 
aneurysms, hemorrhages, exudates, or “new 
vessel” formation were beautifully demon 
strated by Ballantyne and Michaelson, 

Ida Mann records experiments showing 
the induction of cancer of the lens of mice 
using pure live strains of mice and chemical 
carcinogens. The ability of the lens epithe- 
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lium to become malignant has been demon- 
strated. 

The Doyne Memorial Lecture was given 
at the Oxford Ophthalmological Congress 
by Dr. Leon Stone of Yale University on the 
“Return of vision and functional polariza- 
tion of the retina of transplanted eyes.” 
Salamander eyes were used in this study. 
Vision can return four times in the adult 
salamander eye repeatedly transplanted to a 
new host. The methods of demonstrating 
restored vision and retinal orientation were 
conclusive. 

The trying problem of “The contracted 
socket” was presented by T. Pomfret Kilner 
and H. B. Stallard. The mechanical problem 
existing, the use of Thiersch grafts, acrylic 
molds, and the ultimate prosthesis required 
were discussed in considerable detail. 

George W. Black, in the treatment of 
retinal detachment, has used methylene blue 
(0.18 ce. of O.1-percent strength) injected 
into the subretinal space. The area of de- 
tachment stains rapidly, the choroid does not 
stain, tears are visible as red patches in con- 
trast to the blue-stained area of detachment. 
Atrophic areas, not normally visible, are un- 
stained. This technique may be of real assist- 
ance. Black has also obtained a notable re 
duction in the capacity of the eyeball by the 
surface application of the diathermy elec 
trode over a selected scleral area. The eye- 
ball is first collapsed by the evacuation of 
fluid through a scleral trephination. A 
marked scleral flattening is obtained. 

J. P. F. Lloyd using the title “Making 
perimetry pay” outlines the technique, inter 
pretations, and pitfalls of clinical perimetry. 

Norman Cutler gave an_ interesting 
demonstration of the ball-and-ring implanta 
tion for use in enucleation. 

Throughout the volume are many instruc- 
tive clinical case reports. 


William M. James. 
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ABSTRACT DEPARTMENT 


Epirep sy Dr. F. Hersert 


Abstracts are classified under the divisions listed below. It must be remembered that any given 
may belong to several divisions of ophthalmology, although here it is mentioned only in one. Not 
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the headings will necessarily be found in any one issue of the Journal. 


CLASSIFICATION 


. Anatomy, embryology, and comparative oph- 
thalmology 

. General pathology, bacteriology, immunology 

. Vegetative physiology, biochemistry, pharma- 
cology, toxicology 

. Physiologic optics, refraction, color vision 

. Diagnosis and therapy 

. Ocular motility 

. Conjunctiva, cornea, sclera 
Uvea, sympathetic disease, aqueous 

9. Glaucoma and ocular tension 


1 
ANATOMY, EMBRYOLOGY, AND COM- 
PARATIVE OPHTHALMOLOGY 

Ochoterena, Isaac. Eye of Tapayaxin, 
Phrynosoma orbiculare Wiegmann. An. 
Soc. mex. de oftal. 23:80-94, April-June, 
1949. 

With excellent photomicrographs, the 
author presents his study of the ocular 
structure of this small Mexican reptile. 
(9 figures.) W. H. Crisp. 


2 


GENERAL PATHOLOGY, BACTERIOLOGY, 
IMMUNOLOGY 

Belmonte Gonzales, Nicolas. Experi- 
mental anoxia of the retina. Arch. Soc. 
oftal. hispano-am, 9:710-714, July, 1949. 

To support his contention that anoxia 
is the important factor in the pathogene- 
sis of retinopathies, Belmonte produced 
retinal anoxia experimentally in dogs by 
creating a general hypertension. He par- 
tially tied both renal arteries and pro- 
duced an anemic anoxia by repeated 
bleeding. In some cases the centrifuged 
plasma was reinjected into the animal. 
The ophthalmoscopic picture in the hy- 
pertensive and anemic dogs was char- 
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. Crystalline lens 

. Retina and vitreous 

. Optic nerve and chiasm 

. Neuro-ophthalmology 

. Eyebali, orbit, sinuses 

. Eyelids, lacrimal apparatus 
Tumors 

. Injuries 
Systemic disease and parasites 

. Congenital deformities, heredity 

. Hygiene, sociology, education, and history 


acterized by pale dilated veins, narrow ar- 
teries and disappearance of the fine 
branches but there was no hemorrhage 
or edema, The eye of one dog was enu- 
cleated ten days after the bleeding. There 
was a diminution of the ganglion cells of 
the retina, in many of the cells the proto- 
plasm had a homogenous appearance, as 
in degeneration, and there was an increase 
of microglial tissue. Ray K. Daily. 


Kaiser, M. Animal eye as aid in virus 
research. Wien. klin. Wchnschr. 61 :696- 
698, Oct. 21, 1949, 

The cornea of the animal eye is par- 
ticularly suitable for the development of 
virus elements, because of the very sim- 
ple structure of this tissue, its trans- 
parency and the absence of vessels. Scari- 
fication of the cocainized cornea is carried 
out with a suitable instrument and the 
diluted virus preparation is then rubbed 
into the cornea. Another method is in- 
oculation of the aqueous and it is also 
possible to introduce the virus by cannula 
puncture through the sclera directly into 
the vitreous body. The intraocular in- 
oculation with rabies virus is considered 
as valuable as intracranial inoculation. 

The animal eye is the only medium for 
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experiments with virus diseases of the 
human eye. Only monkeys showed a cer 
tain susceptibility to the trachoma virus. 


Theodore M. Shapira. 


Sysi, R. Histo-pathological studies of 
the blood-vessels of the eye. Brit. J. 
Ophth. 33 :739-754, Dec., 1949. 

The author studied histologically 408 
eyes from corpses. It was found that the 
blood-vessels of the eye are subject to the 
same pathologic changes as occur else 
where in the body. The changes in the 
control material are slight, and occur 
after the age of 30 years, mainly in the 
outermost parts of the blood vessels, and 
take the form of adventitial and medial 
thickening, with slight fibrosis and some 
times homogenization, fatty changes, and, 
rarely, slight thickening of the intima, ex- 
cept in the smallest vessels 

In arteriosclerosis the changes are us 
ually more obvious, though some cases 
do not differ from those in the control 
group. The changes found in arterio 
sclerosis generally occur in the whole 
wall and are obvious in the media and in 
tima. After arteriosclerosis develops there 
is marked proliferation of the elastica, 
and delamination, Later there is complete 
hyaline degeneration and also obstruction. 
Atheromatous foci occurred in one case 
The changes in nephrosclerosis do not 
differ essentially from those in arterio 
sclerosis, but are more easily discernible 
There is an increase in the severity of the 
vascular changes in the retina, and even 
more so in the choroid. Nephritic cases 
have, in addition, edema im the vascular 
wall which differentiates them from es 
sential hypertension \rteriosclerotic 
changes are relatively frequent in the 
blood vessels of the nephritic group. 

The changes in all groups first involve 
the arterioles of the optic nerve and the 
posterior ciliary arteries, and afterwards 
the blood vessels of the choroid. Changes 
are rare in the arterioles of the retina and 
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its central artery. These are not demon- 
strable until severe arteriosclerosis de 
velops. Both retinal and choroidal changes 
first occur posteriorly, but extend to the 
ora serrata, Changes are less frequent in 
the vessels of the ciliary body than else- 
where in the vascular system of the eye, 
and in the iris least of all. The extent of 
the changes is greatest where they ap 
pear earliest. The amount varies in the 
same and different areas. There is one ex 
ception to this; in subjects with marked 
sclerosis, nephrosclerosis and nephritis 
the changes in the retina are noticeably 
greater than elsewhere. The retinal ves 
sels tend to reflect the condition of the 
kidneys, but not the condition of the cere 
bral blood vessels. There is no marked 
disparity between the blood vessels of the 
left and the right eye. (8 photomicro 
graphs, 4 charts.) Orwyn H. Ellis. 


3 
VEGETATIVE PHYSIOLOGY, BIO 
CHEMISTRY, PHARMACOLOGY, 
TOXICOLOGY 
Auricchio, G. Complicated cataract. 1: 
The pathogenesis of complicated cataract 
secondary to iridocyclitis. Ann. di ottal. 
e clin. ocul. 75:89-99, March, 1949 
Studying induced tuberculous iridocy 
clitis in rabbits, Auricchio found diminu 
tion in the glucose content of the aqueous 
and the lens, increase in the lactic acid 
content of the lens, an initial increase 
and a subsequent decrease in the perme 
ability of the lens capsule, and diminished 
consumption of glucose by the lens fibers 
Harry K. Messenger. 


Corrado, Mario. The relation between 
the histamine of the aqueous humor and 
that of the cerebrospinal fluid, and their 
importance from the physiopathologic 
and clinical point of view. Ann. di ottal. 
e clin. ocul. 75:33-44, Feb., 1949. 

Using a quantitative biologic method, 
Corrado found that the concentration of 
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histamine in the aqueous humor (0.055 
gamma per cc.) is higher than that in 
the cerebrospinal fluid (0.025 gamma per 
cec.). The existence of a blood-cerebro- 
spinal barrier for histamine has already 
been established, and Corrado believes 
that a similar blood-aqueous barrier ex 
ists. The study of histamine concentra- 
tion may be useful in determining the 
allergic nature of certain ocular diseases. 
Harry K. Messenger. 


Duke-Elder, Stewart. The physiology 
of the intraocular fluids and its clinical 
significance. Tr. Am. Acad. Ophth. pp. 
18-25, Sept.-Oct., 1949. 

Both physical and chemical processes, 
filtration and secretion, are involved in 
aqueous formation. The role of each dif- 
fers quantitatively and qualitatively in 
the anterior and posterior ocular seg- 
ments. The capillary walls are freely 
permeable to water, but not to larger 
protein molecules which pass through the 
capillary walls with great difficulty. Gen- 
erally speaking, the rate of transfer across 
the blood-aqueous barrier of different 
substances depends more on their chemi- 
cal nature than upon the size of their 
molecules. In the decreasing order of 
filtration are: alcohols, sugars, ions, and 
nitrogenous substances. Some synthetics 
such as trimethylglucose cross the blood 
aqueous barrier at approximately the 
same rate as metabolites with the same 
size molecules, illustrating that filtration, 
and not secretion, is the major factor in 
some intraocular components. The blood- 
aqueous barrier in the eye consists of 
capillaries and secreting ciliary epithe- 
lium. The low protein content of the 
aqueous, .02 percent, is similar to that 
of the*spinal fluid. Following paracentesis, 
however, the new aqueous contains more 
protein and less chlorides. The normal 
aqueous salt content is greater than that 
of the blood plasma. The intraocular 
fluid also differs from the blood plasma 
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in its content of the following acids: 
hyaluronic, ascorbic and lactic. In the 
posterior segment of the eye the transu- 
date from the choroidal capillaries is in- 
sufficient to maintain retinal nutrition. 
The osmotic pressure of the aqueous is 
higher than that of the blood plasma. 
Throughout the vascularized tissues of 
the eye there is a peculiar and controlled 
transfer of materials through the cell 
bodies of the capillaries instead of through 
their interspaces as in the body generally 
In the exit of the intraocular fluids 
from the globe the process is not one of 
diffusion but an undifferentiated flow in 
bulk allowing free mechanical exit to 
comparatively iarge molecules. The pres 
sure in the eye is determined as a hydro 
dynamic steady-state by the capillary 
pressure plus an excess of osmotic pres 
sure. The intraocular pressure may there 
fore be altered by the following changts : 
secretory activity, capillary permeability, 
hydrostatic blood pressure and drainage 
blockade. In both simple and inflamma 
tory primary glaucomas, the author has 
apparently become more impressed by 
the importance of the vascular factor. 
Chas. A. Bahn. 


Feldman, J. B., DeLong, P., and 
Brown, C. P. Practical application of sur- 
face-active drugs in ophthalmology. 
Arch. Ophth. 40 :668-679, Dec., 1948. 

A series of surface-active or wetting 
agents were studied to ascertain their 
possible usefulness as vehicles for oph 
thalmic drugs. The agents were first 
tested on rabbits and then on patients. 
Tests were made on their bacteriostatic 
action. It was found that certain wetting 
agents had no deleterious effect on the 
eye, but became irritating only when 
combined with certain ophthalmic drugs. 
A new preparation, hyamine L4-669, 
similar to benzalkonium zephiran chlo- 
ride, was proved to be valuable as an 
antiseptic by laboratory and bacteriologic 
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studies and by clinical use in treatment 
of infections in the human eye. Surface 
active agents were used as vehicles for 
a number of ophthalmic drugs. Many 
proved fairly effective. The relative thera- 
peutic effect of the various combinations 
is given. The new mydriatic dibutoline 
sulphate and also tetracaine and sodium 
penicillin are surface-active. 
John C. Long. 


Ginsburg, M., and Robson, J. M. 
Further investigations on the action of 
detergents on the eye. Brit. J. Ophth. 33: 
574-579, Sept., 1949. 

Five wetting agents, dodecyl sodium 
sulphate, ammonium lorol, aerosol O.T., 
lissapol N, and C 60799, were very ef- 
fective in increasing the penetration of 
sulphacetamide into both the living and 
isolated rabbit cornea and dodecyl seemed 
to be the most effective. In no case was 
there actual union of the detergent with 
the drug but there was destruction of the 
surface epithelium of the cornea. It is 
concluded that penetration is enhanced 
by the detergent’s action of solubilising 
the intercellular cement of the epithelium 
and it becomes obvious that the clinical 
use of the detergents is quite limited. 

Morris Kaplan. 


Kiss, F. Connection between the blood 
circulation of the eye and of the brain. 
Szemészet 3 :133-143, 1949. 

The paper is a continuation of the au- 
thor’s previous communication (Szemés- 
zet, 1949, No. 1 and Amer. J. Ophth. 
9: 1297, 1949). The ophthalmic vein and 
the cerebral veins are similarly con- 
nected to the intracranial sinus-system. 
The whole sinus-system with all its veins 
is under the periodic suction of the thorax 
via the internal jugular vein. India ink 
injected into the anterior chamber was 
absorbed into the ciliary plexus described 
by the author in living animals as well 


as in fresh human corpses. In human 
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corpses, intermittent suction on the in- 
ternal jugular vein was substituted for 
the natural suction of the thorax. India 
ink injected into the anterior chamber of 
the living human eye 25 minutes before 
enucleation was similarly absorbed by 
the same ciliary plexus. The canal of 
Schlemm has only an accessory influence. 
The author demonstrated that pigment- 
cells of melanosarcomas in human eyes are 
absorbed by the same plexus. This is the 
route of metastases. Gyula Lugossy. 


Leopold, I. H., Yeakel, E., and Calkins, 
L.. L. Corneal vascularization in the gray 
Norway rat. Arch. Ophth. 42:185-187, 
Aug., 1949. 

Vascularization of the midstroma of 
the cornea occurred in the Norway gray 
rats, but not in the albino rats, when the 
two strains were maintained on similar 
diets and in the same colony. The cause 
was not definitely determined. Sex had 
no influence on the incidence of the vascu- 
larization. The vascularization increased 
with age and was most pronounced in 
Norway gray rats over 500 days old. 

John C. Long. 


Rosso, S., and Brongnoli, C. The effects 
of aneurin (thiamine) on the amplitude 
of accommodation. Ann. di ottal. e¢ clin. 
ocul, 7§:71-82, March, 1949. 

By studies made with a specially con- 
structed ergograph Rosso and Brognoli 
confirmed the positive effect of thiamine 
on the amplitude of accommodation. The 
mechanism of the action of the vitamin 
is uncertain, but its principal action is 
probably on the ciliary neuromuscular 
system and not on the lens. One may 
accept provisionally the hypothesis of 
De Grosz, according to which the pro- 
duction of acetylcholine is increased and 
the cellular barrier becomes more perme- 
able to acetylcholine, whence results a 
greater and more lasting contractility of 
the ciliary muscle. It is suggested that 
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thiamine may have therapeutic value in 
accommodative asthenopia. 
Harry K. Messenger. 


von Sallmann, Ludwig. Experimental 
studies on the vitreous. 1. Experiments 
on diffusion in the vitreous and on perme- 
ability of its surface condensation layer. 
Arch. Ophth. 42 :583-595, Nov., 1949. 

Part of the author's summary of this 
excellent experimental work is as follows. 
1. The diffusion rate of homologous hemo- 
globin in undamaged vitreous prepara- 
tions was increased by temperature incre- 
ments and by autolytic decomposition of 
the colloidal system. 2. In general, mix- 
tures of hemoglobin or Niagara blue with 
hyaluronidase preparations did not diffuse 
more rapidly in steer vitreous than did 
hemoglobin or the dye alone. 3. In the 
pH range from 6 to &, changes in the 
pH of the milieu did not noticeably in- 
fluence the character or rate of diffusion 
of hemoglobin in the steer vitreous. 4. 
The surface condensation layer of the 
vitreous differs in its premeability for 
hemoglobin from the permeability of the 
enclosed system and its boundary inter- 
phases. 5. Hydrochloric acid penetrated 
the surface layer and diffused at a higher 
rate in the than did sodium 
hydroxide. The diffusion rate of the weak 
acid and base exceeded that of the strong 


Ralph W. Danielson. 


vitreous 


acid and base. 


Del Zoppo, Italo. The histamine of the 
aqueous humor of normal human eyes. 
Ann. di ottal. e clin. ocul. 75:55-62, Feb., 
1949, 

Using the biologic method, Del Zoppo 
found histamine always present in the 
aqueous humor of normal human eyes. 
The quantity varies from a minimum of 
0.04 to a maximum of 0.08 gamma per cc., 
with an average of 0.066. These quantities 
are very similar to those found in the 
aqueous of certain animals by Emmelin 
and Palm and to those quantities es 
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tablished for the blood by other investi- 
gators. The comparative study of the 
amounts of histamine in the aqueous of 
normal and abnormal eyes should lead 
to results of biologic and clinical im- 
portance. Harry K. Messenger. 

4 

PHYSIOLOGIC OPTICS, REFRACTION, 

COLOR VISION 

Bornschein, H. Acuity of night vision 
in relation to illumination of area sur- 
rounding the test field. Wien. klin. 
Wehnschr. 61 :675-676, Oct. 21, 1949. 

Bornschein studied the problem 
whether the magnitude of the periodic 
fluctuations of performance which may be 
observed in determining acuity of night 
vision may be reduced by constant weak 
illumination of the area which surrounds 
the test field. The acuity of night vision 
was measured by means of the Nowak 
Wetthauer apparatus which consists of a 
black movable Landolt test ring on a 
square white background and of a device 
for weak gradually changeable illumina- 
tion. A white square area surrounding the 
test field had been added with a similar 
device for weak gradually changeable il- 
lumination as the one used for the test 
field. Monocular tests were performed on 
three persons between the ages of 20 and 
30 years. The biostatistic evaluation of 
the experiments revealed that an illumi- 
nation of the area surrounding the test 
field just above the terminal threshold en 
tails a partial lowering of the threshold 
which may be statistically secured, but it 
does not entail a real lessening of the 
fluctuations. This method therefore does 
not really enrich the practical techniques 


of examination. Theodore M. Shapira. 


Carreras Duran, Buenaventura. On 
aniseiconia. Arch. Soc. oftal. hispano-am. 
9 :934-941, Sept., 1949. 

Carreras points out that disparity of 
the retinal or cortical images was a well 
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known phenomenon for a long time, and 
that its interest under the new name of 
aniseiconia is limited to American in- 
vestigators, Physiologic aniseiconia, due 
to the unequal distribution and spacing 
of the retinal elements in the two eyes, 
and in the temporal and nasal portions of 
the same eye produces no clinical symp 
toms, and the symptoms of asthenopia at 
tributed to aniseiconia are not character 
istic of this anomaly, and may be caused 
by refractive errors and heterophoria. In 
his opinion this condition has only an 
academic interest, and no clinical signifi 
cance, Ray K. Daily. 


Hardy, L. D. Investigation of visual 
space. Arch. Ophth. 42:551-561, Nov., 
1949, 


Since January 1948 the chief problem 
for investigation by the staff of the Knapp 
Laboratory for Physiological Optics has 
been the bases on which space percep 
tion and spatial orientation are founded. 
The work is grounded on Luneburg’s 
“Mathematical Analysis of Binocular Vi 
sion,” which incorporates new and im 
portant concepts regarding the funda 
mentals of space perception. The author 
says that the problem is to discover, 
evaluate and mathematically express the 
fundamental, basic relationships between 
visual stimuli and the sensation they 
arouse, to find and verify the constant 
factors operating in this relationship and 
to seek and describe the underlying con 
stant relationships between binocular 
stimulus and resultant sensation to which 
all the subsequent psychologic and ex 
periential factors are added. The problem 
is of much more than academic interest 
It is of potentially great importance in 
the fields of art, architecture, industry 
and war. If the metric (the rule, the 
formula, the measuring rod) of visual 
space can be formulated, one of the oldest 
and most interesting problems, the sen 
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sory perception of three dimensions by 
binocular vision, will have received con- 
siderable clarification, 

After technical discussions, the author 
presents the theory that visual space 
differs from physical space; that if the 
latter is Euclidean in our vicinity the 
former is certainly not; that the metric 
of visual space closely corresponds to, 
or is identical with, the metric of Lobat 
schewsky’s hyperbolic geometry ; that at 
least two, and probably more, personal 
constants enter into this metric; that 
these constants (refractive errors, ani- 
seikonia, stereopsis, for example) are 
fairly stable for a given individual but 
may be modified by such factors as age, 
correction of refraction, experience and 
other factors. Ralph W. Danielson. 

Jonkers, G. H. Some data concerning 
Verhoeff’s quantitative test for measur- 
ing the acuity of binocular stereopsis. 
Ophthalmologica 118 :182-193, Sept., 1949. 


One hundred individuals, visually well 
qualified to serve as normal controls, 
have been tested with Verhoeff’s instru- 
ment (Arch. of Ophth. 28:1000, 1942). 
By means of purely binocular clues the 
examinee has to recognize relative depth 
differences exhibited by vertical stripe 
patterns. The greatest distance at which 
these depth differences were recognized 
in all patterns is a measure of the ex- 
aminee’s acuity of binocular stereopsis 
To facilitate the statistical treatment 
Jonkers has calculated a nomogram 
which permits conversion of the test 
distance into binocular parallactic angle 
(taking the examinee’s pupillary distance 
into consideration). The variations of this 
angle within the population of 100 con- 
trols followed the normal (Gaussian) 
binomial distribution curve. The most 
frequent parallactic angle was 16.4 sec 
onds of are (for a PD of 64 mm.). 

Peter C. Kronfeld. 
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Junes, Emile. The phenomenon of 
Maxwell. Ann. d’ocul. 182:740-756, Oct., 
1949. 

The phenomenon of Maxwell is among 
the interesting entopic phenomena which 
involve foveal function. It consists es- 
sentially of a visible circle surrounded 
by a darker halo after fixing a faint light 
with dark background. This may be ac- 
complished by viewing the moon at night 
or a small artificial light with a blue 
background. The phenomenon or spot of 
Maxwell is apparently due to the diffu- 
sion of visual purple between the rods 
and cones at the outer margin of the 
fovea. In the first phase which is brief, 
a dark spot without color is observed. In 
the second stage a red-brown circle with 
a bluish halo which becomes white is 
seen. In the third and longest phase, the 
halo becomes yellowish. Several theories 
of color vision are discussed, including 
those of Parinaud, Young, Woll and Von 
Studnitz. The author believes that foveal 


and extrafoveal vision depend upon es- 


sentially separate mechanisms and that 
Maxwell 


the phenomenon or spot of 
occurs at their junction 


Chas. A. Bahn. 


Maione, Mario. Contact lenses and 
aphakia. Optical notes and practical con- 
siderations. Ann. di ottal. e clin. ocul. 
:127-137, April, 1949. 

In aphakia a contact lens may permit 
perfect vision at both distance and near 
without the aid of a supplementary lens. 
Maione has observed this phenomenon 
in three patients and believes it due to 
a slight decentration of the lens in con- 
vergence, which brings an optically more 
powerful zone of the lens into play. In 
unilateral aphakia a contact lens is the 
only practical means of restoring binocu- 
lar vision. Excessive aniseikonia must be 
avoided, and a practical method of com 
putation of curvatures is given. 

Harry K. Messenger. 


Rossler, F. The cobalt glass test of 
Helmholtz. Ophthalmologica 118 :149- 
160, Sept., 1949. 

The optical phenomena produced in 
the schematic human eye by placing a 
piece of cobalt glass in the path of in- 
cident white light were first worked out 
theoretically and described by Helmholtz 
in his “Physiological Optics.” He thought 
that the relative size of the blue and red 
blur the retina 
under those conditions, could serve as a 
basis for a subjective refraction test. 
Actually, the visual sensations elicited 


circles which form on 


in nonaccommodating eyes by small light 
sources viewed at short distances corre 
sponded closely to Helmholtz’s theoreti 
Under 
distance vision, however, the subjective 
through the cobalt 
proved very complex and difficult to in- 
terpret. As a method of determining the 
refractive state the cobalt test fell into 
oblivion. Roéssler, one of the main pro- 
ponents of the cobalt glass as a refrac 
tion test, reviews some of the changes 


cal expectations. conditions of 


observation glass, 


in our understanding of the imagery in 
human eyes which have occurred since 
the days of Helmholtz. Some of these 
changes have greatly contributed to an 


the phenomena ob- 


understanding of 
served with cobalt glass filters. 


Peter C. Kronfeld. 


Treissman, H. Some observations on 
the causation and elimination of Sattler’s 
veil. Brit. J. Ophth. 33:555-567, Sept., 
1949. 

The cause of the veiling is the presence 
of a lip at the corneoscleral junction 
which causes a ring of pressure that re 
sults in sealing off the fluid which is 
in contact with the cornea. This stagnant 
fluid becomes cloudy and irritating. In 
some patients the conjunctiva is more 
prone to edema and too tight a con- 
junctival fit causes edema which results 
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in the sealing off of the corneal portion. 
A third cause of the misting is too great 
a corneal clearance which results in a 
slowing of the exchange with tears thus 
exposing the fluid to absorption of CO,. 
Morris Kaplan. 


5 
DIAGNOSIS AND THERAPY 

Alagna, G., and Recupero, E. The 
treatment of some ocular diseases by 
means of the transfusion of hematologi- 
cally incompatible human blood. Ann. 
di ottal. e clin, ocul. 75:181-209, June, 
1949. 

Thirty cases are presented of various 
ocular diseases treated with transfusions 
of small amounts of hematologically in 
compatible human blood. The amounts 
varied from 3 to 15 cc. at one transfusion, 
and the total amount ranged from 15 to 
45 cc. Favorable responses were noted in 
cases of phlyctenular keratoconjunctivitis, 
superficial and deep keratitis with and 
without suppuration or hypopyon, iritis, 
post-traumatic iridocyclitis, uveitis, sym 
pathetic ophthalmitis, and hemorrhages 
into the vitreous. Best results were ob 
tained in diseases of recent onset, es 
pecially if on an allergic basis, and in 
young persons. In almost all cases a mild 
focal reaction of brief duration occurred 
The mechanism of action of this new 
therapeutic method is thought to be that 
of nonspecific protein therapy in general. 
The transfused blood presumably stimu 
lates the normal defenses of the body 
and exerts also a marked nonspecific 
desensitizing antiallergic action. It is 
thought that a series of mild colloidoclas 
tic crises induced by the incompatible 
blood causes the cells of the body to lose 
their exaggerated excitability. 

Harry K. Messenger. 


Alvarez Alvarez, Abundio. Local peni- 
cillin therapy in ophthalmology. \rch. 
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Soc. oftal. hispano-am. 9 974-1006, Sept., 
1949. 

This is principally an exhaustive re- 
view of the literature. To illustrate the 
effectiveness of massive doses of peni- 
cillin given subconjunctivally, Alvarez re- 
ports in detail a severe bilateral luetic 
iridocyclitis, which responded spectacu 
larly to this method of penicillin admini 
stration. In three cases of traumatic in 
fected corneal ulcer it was equally ef 
fective. Ray K. Daily. 


Atkinson, W. S. Use of hyaluronidase 
with local anesthesia in ophthalmology. 
Arch. Ophth. 42:628-633, Nov., 1949. 

Hyaluronidase depolymerizes and hy- 
drolyzes hyaluronic acid, a mucopoly 
saccharride acid, which was first isolated 
by Meyer and Palmer from bovine vitre 
ous humor. In animal tissue hyaluronic 
acid seems to bind water in interstitial 
spaces and hold cells together in a jelly 
like matrix which obstructs diffusion. The 
addition of hyaluronidase causes a rapid 
dispersion of fluid when injected into 
tissues. The rapid dispersion is brought 
about by a depolymerization and hydrol- 
ysis of the hyaluronic acid gel. The re- 
duction in viscosity removes one of the 
barriers to diffusion of fluid and allows 
it to permeate the tissues more rapidly 
and widely. In 109 eyes preoperative 
injections of an anesthetic solution con 
taining hyaluronidase were given. The 
surgical procedures included minor op 
erations on the lids, cataract extractions, 
enucleations with implants and opera 
tions for glaucoma, retinal detachment 
and strabismus 

With the addition of hyaluronidase to 
injections of an anesthetic solution of 
procaine and epinephrine, there was a 
greater diffusion of the anesthetic, anes- 
thesia occurred more rapidly and lasted 
as long, there was less ballooning of the 
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tissues, and the area of anesthesia was 
greater. More effective akinesia of the 
orbicularis and extraocular muscles was 
obtained. Hypotony was pronounced 
after cone injections and was occasionally 
sufficient to make the cataract extrac- 
tion more difficult but safer, and vitreous 
was less likely to present. Ischemia due 
to epinephrine was quickly followed by 
erythema of brief duration. The eye fre- 
quently became red after a cone injection. 
Ralph W. Danielson. 


Barraquer Moner, J. 1. First impres- 
sions on some aspects of the new tissue 
therapy of Filatov. Arch. Soc. oftal, his- 
pano-am. 9:861-869, Aug., 1949. 

The basis and technique of tissue 
therapy are briefly reviewed, and the re- 
sults of the author’s personal experience 
reported. This comprises 108 cases with a 
period of observation extending over 3 
months, 88 over 5 months, 62 over 5 
months, and 9 over 6 months. Patients 
with less than a three months period of 
observation are not included in this re- 
port. In retinitis pigmentosa 25 percent 
showed appreciable and 25 percent defi 
nite improvement; 30 percent of the pa 
tients reported a_ subjective benefit, 
especially in color contrast and twilight 
vision, without any objective evidence of 
improvement. In 20 percent there was no 
effect. Patients with chorioretinitis of 
various origin benefited to the same ex 
tent as those with retinitis pigmentosa. 
In five cases of optic atrophy there was 
no effect. In uveitis, this therapy has- 
tened absorption of exudates and healing. 
In acute disseminated choroiditis the ab 
sorption of exudate and subsidence of 
inflammation was spectacular. Barraquer 
has the impression that this therapy acts 


favorably by lysis of connective and new- 
ly formed tissue. Eleven illustrative cases 
are reported. (1 visual field.) 

Ray K. Daily. 
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Belmonte Gonozales, José. Autofundos- 
copy. Arch. Soc. oftal. hispono-am. 9: 
699-702, July, 1949. 

The history of autofundoscopy is brief- 
ly reviewed, and apparatus for its per- 
formance is described which consists es 
sentially of two plane mirrors mounted 
on a stand so that their separation and 
the angle between them can be varied. 
The mirrors are so arranged that the 
right eye sees the image of the left eye 
and vice versa; an ophthalmoscope is 
then used just as if the eye were that of 
a patient. One can examine one’s own 
eye with the direct or the inverted image. 
(5 figures.) Ray K. Daily. 

Buerger, Leopold. The dangers of 
spoiled ointments and oils containing in- 
fectious and toxic material and their rec- 
ognition through Ranzol. Klin. Monatsbl. 
f. Augenh. 115:55-56, 1949. 

The author cites cases of hoof and 
mouth disease in human beings, as well 
as of erysipelas and botulism, which 
were transmitted through medicinal oint- 
ments. To recognize spoilage he rec- 
ommends the use of the preparation 
“Ranzol” which produces green fatty 
acid crystals in spoiled pharmaceuticals. 


Max Hirschfelder. 


Cogan, D. G. A simple method for 
temporary closure of the lids. Arch. 
Ophth. 42:188, Aug., 1949. 

In cases in which it is desirable to close 
the lids for a few days to a few weeks, 
“glueing” has been found to be a satis- 
factory procedure. The “glue” used is 
the standard Duco cement. The procedure 
consists in closing the patient’s eyes and 
applying by means of a tooth applicator 
several layers of the cement to the lashes 
of the upper lids, sealing them down to 
the cutaneous surface of the lower lid. 
Time is allowed for drying of each layer. 
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The cast provides a firm cohesion of the 
lids lasting 3 to 5 weeks. John C. Long. 


Collado, Palomar. Local bleeding in 
ophthalmology. Arch. Soc. oftal. hispano- 
am. 9:885-892, Aug., 1949. 

The application of leaches in ophthal- 
mology is reviewed without adding any- 
thing new Ray K. Daily. 

Gomez da Silva, Avelino. A new form 
of biomicroscopic examination “retro- 
transillumination” (in l’ortuguese and in 
English). Arq. brasil. de oftal. 12:87-97, 
1949. 

The author uses a new adaptation to 
Comberg’s slitlamp of Koeppe’s mirror as 
employed in Poser’s slitlamp, aiming at a 
simplified and more efficient method for 
examination of the retina. (3 figures, 1 in 
color.) W. H. Crisp. 


Gurtler, E. Cotton threads in anterior 
chamber following surgical intervention 
on the eyeball. Wien. klin. Wehnschr. 61: 
686-6089, Oct. 21, 1949. 

Gurtler reports 26 cases in which cot- 
ton threads were observed in the anterior 
chamber after operation for cataract and 
on one after Elliot’s trephining for glau- 
coma during a period of 3% years. Cot- 
ton threads were observed in 26 of 1,500 
patients who were operated on for cata 
ract. Follow-up 
that 
chamber are tolerated by the eye without 
irritation, Mild hyperemia of the vessels 


examinations showed 


the cotton threads in the anterior 


of the iris in the neighborhood of the 
cotton threads was observed occasionally 
for a short period, but the postoperative 
iritis which developed in two of the au- 
thor’s cases was caused by the operation 
itself and did not result from irritation by 
the threads; the iritis subsided while the 
threads the chamber, The 
contents of the anterior chamber do not 
change the physical properties of the cot- 
ton threads and the 


remained in 


movements of the 
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iris do not have any noteworthy effect on 
their shape. Theodore M. Shapira. 


Halberg, G. P. Simple camera support 
for the operating theatre. Brit. J. Ophth. 
33 :780-781, Dec., 1949. 

A simple support for the camera for 
use in the operating room is presented. 
This consists of a single diagonal and 
vertical iron rod, and the latter is clamped 
to the operating table. (2 figures.) 

Orwyn H. Ellis. 


Marin Amat, M. Cocaine crystals in oc- 
ular theapeutics. Arch Soc. oftal. hispano 
am. 9 :931-933, Sept., 1949. 

Marin calls attention to the usefulness 
of cocaine crystals for anesthesia of sensi 
tive ocular areas, as in removal of post 
operative sutures, acute glaucoma and ex- 
ploration of the lacrimal passages. The 
profound cocaine anesthesia eliminates 
associated 


the axon reflexes which 


with the production of histamin and ex 


are 


treme vasodilating reactions. 


Ray K. Daily. 


Marin Enciso, M., and Munoz Pato, F. 
Methyl! antigen in ophthalmology. Arch. 
Soc. oftal. hispano-am. 9:715-719, July, 
1949. 

From an experience of 150 cases of ocu 
lar tuberculosis the authors conclude that 
this tuberculin filtrate is a beneficial agent 
in the treatment of ocular tuberculosis 
and that properly used it produces no 
general or focal reactions. In this respect 
it is superior to old tuberculin. 


Ray K. Daily. 


Mazzotti, Luis. The treatment of onco- 
cercosis. An. Soc. mex. de oftal. 23 :19-25, 
Jan.-March, 1949, 

The author has tried 
diethylcarbamyl 4 methyl piperazine) in 
the treatment of filariasis. He finds the 
drug nontoxic in the doses recommended, 
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although in about half the cases treated 
the adult organisms were modified in 
their vitality. Of 65 individuals treated 
only 7 were under observation a sufficient 
length of time. The dose recommended is 
by mouth 4 mg. per kilo of body weight 
three times daily, beginning with one- 
third of the dose on the first day. Since 
the action of the drug on the adult or 
ganisms is not clearly demonstrated, it is 
still advisable to extirpate the subcu 
taneous nodules before administration of 
the drug. (References.) W. H. Crisp. 


Oxilia, Efisio. Tyrothricin and its use 
in ocular infection. Giorn. ital. oftal. 2: 
214-224, May-June, 1949 

In 9 cases of ulcerous ciliary blepharitis 
and blepharoconjunctivitis recovery fol 
lowed the use of tyrothricin in 3, im 
provement in 2 and failures in 4. In 10 
cases of conjunctivitis there were 7 re 
coveries and 2 failures and the degree of 
success was similar in chronic dacryo 
cistitis, keratoconjunctivitis with impe 
tigo of the face, and in infectious corneal 
lesions. 

The antibiotic effect of tvrothricin is 
limited to gram-positive bacteria and, be 
cause of the poor absorption of the drug, 
the applications have to be made topically 
on the infected area. On the other hand 
it is thermostable, active even in the pres 
ence of drugs containing heavy metals or 
alcohol, non-toxic in local applic ation, 
and active against germs which have be- 
come penicillin or sulphanilamide resis 
tant. Vito La Rocca. 


Penido Burnier Jr. Tonometry. Con- 
tribution to its execution. Arq. do Insti 
tuto Penido Burnier 8:113-119, June 1, 
1949, 

The author reviews the conclusions of 
the Committee on Standardization of 
Tonometry of the American Academy of 
Ophthalmology and Otolaryngology, 
urges adoption of the standards set up by 
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that organization, and calls upon ophthal- 
mologists to have their tonometers stand- 
ardized. W. H. Crisp. 


deRoetth, Andrew. Penetration of au- 
reomycin into the eye. Arch. Ophth. 42: 
365-372, Oct., 1949. 

Experiments were carried out to ascer 
tain the penetrability of aureomycin into 
the normal rabbit eye, with the following 
results. 1. After corneal bath no aureo 
mycin was detected in the aqueous, 2 
lontophoresis and subconjunctival injec- 
tion produced low levels in the aqueous 
lontophoresis was fairly well tolerated by 
the eye, but subconjunctival injection was 
irritating to such an extent that it was 
considered contraindicated, 3, Aureomy 
cin did not penetrate into the eye when 
given orally or intramuscularly. 4. The 
cornea, sclera, iris and ciliary body, aque 
ous, vitreous and spinal fluid showed ap 
preciable concentrations of aureomycin 
when large amounts were given intra 
venously. 

As compared with other antibiotics, 
aureomycin is more irritating and pene 
trates less readily into the eye; but once 
it has crossed the blood-aqueous barrier, 
it remains longer in the ocular fluids and 
tissues. John C. Long 


Riverall Noble, Bertha. The ocular at- 
tack in oncocercosis. Ocular manifesta- 
tions during treatment with Hetrazan. 
An. Soc, mex. de oftal. 23:26-31, Jan. 
March, 1949. 

The ocular reactions presented during 
treatment with Hetrazan were almost ex 
clusively of the anterior segment and al- 
lergic in type. Are they produced by the 
drug? Probably only through the action 
of the drug in killing many organisms, 
because similar manifestations are seen 
extensively in individuals not treated with 
the drug. A long period of study appears 
necessary as to the problem of toxicity of 


W. H. Crisp. 


Hetrazan. 
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Simonelli, Mario. Research on the per- 
meability of the hemato-ophthalmic bar- 
rier, Giorn. ital. oftal. 2:185-192, May- 
June, 1949. 

Continuing his research on the effects 
of various vitamins on the permeability 
of the hemato-ophthalmic barrier, the au- 
thor reports the results of the administra- 
tion of vitamin P, in doses of 200 mgr. 
daily in many normal subjects and some 
with an increasing pathologic ciliary per- 
meability. In these latter the reduction of 
permeability was particularly evident, 
especially in some cases of diabetic reti- 
nitis; even in 7 of 12 normal subjects the 
injection of Idro P, caused an appreciable 
lessening of the permeability. The vita- 
min treatment was carried out for 15 days 
days; the reaction on the ciliary permea- 
bility was noted on the fifth day. The 
effect of the P,-like substances and of 
vitaman P, differed from that of Citrin 
and Rutin. Vito La Rocca. 


Uribe Troncoso, Manuel. Comparative 
physiology of elimination of the aqueous 
humor in mammalia and the role of the 
canal of Schlemm. An. Soc. mex. de oftal. 
23 :63-79, April-June, 1949, 

The author traces the changed concep- 
tion of the nature of aqueous secretion 
from his work in 1909 through the work 
of various authors down to the present 
day. In lower mammalia aqueous elimi- 
nation occurs through the intrascleral 
meshwork along the cilioscleral sinus, 
whereas in man it through 
Schlemm’s canal and the intraocular 


occurs 


plexuses. (6 figures, references.) 


W. H. Crisp. 


6 
OCULAR MOTILITY 
Mellick, A. Convergence. An investiga- 
tion into the normal standards of age 
groups. Brit. J. Ophth. 33:755-763, Dec., 
1949. 


Investigations of convergence were 
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made with the synoptophore and a vari 
able-prism stereoscope. In the measure- 
ment of the horizontal ductions there is 
no essential difference in the results ob- 
tained using both simple fusion and 
stereoscopic targets. Results in different 
age levels varied only slightly. In abduc- 
tion similar results were obtainable at 
near on both instruments, while at dis- 
tance the results on the synoptophore 
were about one-third higher in value than 
on the variable-prism stereoscope. In ad- 
duction the results on the synoptophore 
were about double those obtained on the 
other instrument. Orwyn H. Ellis 


7 
CONJUNCTIVA, CORNEA, SCLERA 

Allen, J. H., and Barrere, L. E. Prophy- 
laxis of gonorrheal ophthalmia of the 
newborn. J.A.M.A. 141 :522-526, Oct. 22, 
1949, 

Bacterial studies of the antepartum cer- 
vix, and of the newborn infant’s conjunc 
tiva at birth, and 24 hours after the local 
use of silver nitrate or penicillin have 
shown that silver nitrate produces no 
more harmful effects than penicillin. Un 
til more work is done in areas where the 
incidence of gonorrhea is higher, 1-per 
cent silver nitrate should continue to be 
used at birth, and again after the infant 


is bathed. Francis M. Crage. 


Almeida, A. Keratoconus and persistent 
thymus. Arq. de Instituto Penido Burnier 
8:85-93, June 1, 1949. 

In 102 patients, from & to 39 years old, 
the author was able to demonstrate, after 
anterior pneumomediastinum, a_hyper- 
trophy of the thymus. He contrasts these 
cases with X-ray plates from ophthal- 
mologically normal patients in whom 
there was no radioscopically demonstra- 
ble thymus. It was his impression that 
radiotherapy reduced the thymus and im- 
proved the corneal symptoms, but he ad- 
mits that the period of five years during 
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which he has studied these cases is of 
doubtful adequacy for a final conclusion. 
Reviewing Vasquez Barriere’s study of 
the subject, he was unable to find a single 
case of positive Frei test, even with 0.3 
ce, of antigen W. H. Crisp. 
Bonavolonta, A. Dermatitis of Duhring- 
Brocq with ocular manifestations. Giorn. 
ital, oftal. 2:169-184, May-June, 1949. 
After an extensive survey of the litera- 
this 
pemphigus the author describes a case 


ture on debated form of benign 
occurring in a boy of 13 years, in which 
the skin lesions appeared in early life and 
the eye lesions at the age of 11 years. The 
patient was treated for about two years 
with sulfanilamides, electrolysis for the 
trichiasis, penicillin, vitamin A, vaccines, 
autohemotherapy, and Roentgen irradia- 
tion of the limbal region and cervical 
ganglia. The right eve in spite of all treat- 
ment ended with a total symblepharon 
and xerosis, while the right eye showed 
some improvement and no opacification of 
the cornea. Vito La Rocea. 

Brown, A. L., Nantz, F. A., Town, A. 
E., and Tassman, I. S. Symposium: The 
use of fibrin coagulum fixation in ocular 
surgery. Tr. Am. Acad. Ophth., Nov.- 
Dec., 1949. 


I. Brown, A. L., and Nantz, F. A. In 
retinal detachment. pp. 126-130. 

The temporary adhesion of tissues is 
facilitated by fibrin. Its use is of great 


value in recent retinal detachments, in 


cataract extractions and external 
wounds. The procedure which the authors 
evolved in the treatment of retinal de- 


tachment consists of retrobulbar anes- 
thesia, the formation of a conjunctival 
flap, approximately 20 superficial and 4 
perforating diathermic punctures in the 
region of the detachment, the removal of 
subretinal fluid, and the injection of 2 


min. of the patient’s plasma containing 
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12 mg. fibrinogin in the four perforating 
punctures. In a series of #0 unselected 
cases of retinal detachment, 60 percent 
were considered cured in that the vision 
was 20/100 or more with complete retinal 
attachment for six months or more; 10 
percent were improved and 3 percent 
were failures. 

Il. Town, A. E. In intraocular surgery. 
pp. 131-133. 

In cataract extraction the use of fibrin 
tends to prevent delayed wound closure 
with resultant leaking, iris prolapse, 
hemorrhage and epithelial implantation 
in the anterior chamber. It may also be 
employed as a substitute for corneal su- 
tures, thereby reducing trauma. Results 
obtained in some cases of keratoplasty, 
glaucoma, traumatic and plastic surgery 
justify the use of fibrin coagulum. In the 
author's service at the Jefferson Hospital, 
fibrin closure is routinely used where pos- 
sible. To collect the plasma 45 cc. of 
blood is withdrawn with a syringe con- 
taining 5 cc. of a sterile solution of 3.8 
percent sodium citrate. The fluid is cen- 
trifuged and 3 cc. of plasma is stored in 
each 


1.5 ce. of sterile water is added. After lens 


of several 5-cc. ampules to which 
extraction, ] or 2 drops of plasma solu 
tion are applied near the limbus above, 
nasally and temporally and 1 or 2 drops 
of thrombin solution are added. 

III. Tassman, I. S. In keratoplasty. pp. 
134-139. 

The author has used fibrin coagulum 
fixation in 112 cases of which 15 were 
lacerations and wounds and 8 were kera- 
toplasties. In the latter fibrin coagulum 
was as effective as the usual sutures. 
Chas. A. Bahn. 


Casanovas, José. A contribution to the 
study of blood-staining of the cornea. 
Arch. Soc. oftal. hispano-am. 9 :942-966, 
Sept., 1949. 

The pathogenesis, etiology, histopa- 
thology and treatment are reviewed, and 
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nine cases reported. The conclusions from 


a review of the literature and the author's 
experience with these nine cases are that 
blood staining of the cornea presents a 
definite clinical and pathologic picture, 
which threatens patients with extensive 
hemorrhage into the anterior chamber, 
and is especially apt to occur in the pres- 
ence of hypertension. Having been ab 
sorbed, it may recur following a very in- 
significant trauma, and reabsorption may 
them proceed more rapidly because of the 
presence of newly formed blood vessels. 
The blood may be absorbed very rapidly 
in vascularized corneal cicatrices, losing 
in these areas its usual circular form. In 
old cases calcareous degeneration may de 
velop in the blood stained areas. In the 
treatment of this condition paracentesis 
may lead to sudden extensive hemorrhage 
and should be avoided. The treatment sug 
gested is coagulant therapy followed by 
absorbtion promoting agents; of the latter, 
subconjunctival injections of mercury 
cyanide, and iontophoresis with potassium 
iodide appear most useful. 


Ray K. Daily. 


Cortes, Hernan. The application of 
oidiumicin in ulcers with hypopyon. Arch. 
Soc. oftal, hispano-am, 9:893-894, Aug., 
1949. 

\ man, twenty years old, developed 
a serpiginous ulcer in his only eye. In 
spite of heroic treatment with all known 
medicaments, the hypopyon increased 
and the ulcer progressed until it perforated 
on the loth day after its onset. The per 
foration was covered with a conjunctival 
flap; four days later the flap retracted, 
and the hypopyon was found to have in 
creased. In desperation it was decided to 
try a subconjunctival injection of '4 ce. 
of oidiumicin. On the following day the 
hypopyon was scarcely visible, and the 
conjunctivo-ciliary congestion was mark 
edly diminished; the injection was re 
peated every 48 hours and the fourth in- 
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jection was given after an interval of 72 
hours. At the end of ten days the ulcer 
was covered with epithelium, and the 
patient was discharged with a leucoma. 


Ray K. Daily. 


Eyb, C. Trepanation according to El- 
liot for serpiginous ulcer. Wein. klin. 
Wehnschr. 61 :678-679, Oct. 21, 1949. 

Trephining by Elliot’s method was per- 
formed on 12 patients with serpiginous 
ulcer on the third day, and on 13 patients 
on the eighth day. Trephining was de- 
layed in those cases in which improve- 
ment seemed to result from common 
treatment. Healing occurred in two pa- 
tients of the first group and nine of the 
second. Improvement followed by recur- 
rence, was observed in four patients in 
each of the groups and was probably due 
to occlusion of the opening. Final re- 
covery resulted after treatment with peni- 
cillin, puncture of the anterior chamber or 
spontaneous perforation. There were six 
failures in the first group and none in the 
second group. Theodore M. Shapira. 

Fleischner, F. G., and Shalek, S. R. 
Conjunctival and corneal calcification in 
hypercalcemia. Roentgenologic findings. 
New England J. Med. 241:863-805, Dec. 
1, 1949. 

Lesions are seen in the cornea and in 
the conjunctiva in hypercalcemia. The 
conjunctival lesions are small glass-like 
particles in the region of the palpebral 
fissure. In the cornea there are hazy, 
grayish, granular epithelial and subepi- 
thelial opacities concentric with the lim- 
bus on either the nasal or the temporal 
side. These deposits are calcium phos 
phate In the case reported the lesions were 
typical but the etiology of the hyper 
caleemia was undetermined. By the use 
of the bone-free X-ray technique which is 
described in detail, calcification was 
demonstrated in the sclera as plump rod- 
like deposits 2 to 3 mm. in length. In the 


4 
: 
7 
4 2 


corneal limbus this calcium appeared as 
a solid homogeneous dense shadow of 
less than 1 mm. in width and 7 mm. in 
length. (3 figures.) H.C. Weinberg. 


Garcia Miranda, Ramon. Virus New- 
castle and the eye. Arch. Soc. oftal. his- 
pano-am,. 9:720-725, July, 1949. 

The literature on Newcastle disease 
in chickens and the reports of human con 
junctivitis caused by the same virus, and 
traced to the handling of infected chick 
ens, are reviewed. The symptoms in man 
are unilateral slight palpebral edema, sub- 
cutaneous ecchymosis, marked conges- 
tion of the tarsal and fornix conjunctiva, 
with slight papillary hypertrophy, swell- 
ing of the caruncle and the semilunar 
fold, chemosis of the bulbar conjunctiva 
and subconjunctival hemorrhages. The 
subjective discomfort and secretion are 
comparatively mild. There is no ciliary 
injection and no involvement of the cor 
nea or iris. Preauricular adenopathy is 
constant, and smears are negative. The 
onset of the infection may be accom 
panied by general malaise or low fever, 
and the disease runs its course in eight or 
ten days. There appears to be no con- 
tagion from man to man. Personal ex- 
periments with this virus are reported 
During an epidemic in chickens the pos 
sibility of human contagion should be kept 
in mind. (1 figure.) Ray K. Daily 


Mejer, F. Allergic eczema of eyelids 
due to streptomycin as occupational dis- 
ease. Wien. klin. Wehnschr. 61 :702-703, 
Oct. 21, 1949. 

Mejer reports the occurrence of derma- 
titis of the eye-lids associated with con- 
siderable itching and more or less severe 
conjunctivitis and lacrimation in three 
nurses, who prepared streptomycin solu- 
tions. Noteworthy was the increased cu- 
taneous scaling. The patients also had 
photophobia and severe headache. The 
cutaneous tests with streptomycin (100 
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units intracutaneously) on two of the 
nurses and normal controls demonstrated 
the allergic nature of the reaction. Antis 
tin-Privin drops proved very effective in 
the treatment of the allergic conjuncti- 
vitis. The toxicity of the single prepara- 
tions of the industrially manufactured 
streptomycin varies in spite of chemical 
and optical identity of the crystallized 
streptomycin. The cause is the heating of 
the drug in the course of the procedure 
which results in the dev elopment of toxic 
isomers. The latent period of the local 
allergic reaction varies from about six to 
thirty weeks. Theodore M. Shapira. 

Mendoza Gonzales, E., and Avales, G 
E. Pathogenesis of inflammatory dis- 
orders of the sclera. An. Soc. mex. de 
oftal, 23 :38-47, Jan.-March, 1949. 

The usual antirheumatic treatments of 
septic foci frequently fail, or produce in 
some cases unstable results. Desensitiza 
tion of the organism with extremely 
small doses of tuberculin produce more 
favorable results. Treatment should be 
continued for a more or less considerable 
period of time W. H. Crisp. 

Oxilia, E. Psoriatic keratitis. Giorn. 
ital. oftal. 2:122-128, March-April, 1949. 

The author describes the clinical and 
anatomic findings of the cornea in psoria 
sis. There are marginal vascularized foci, 
and smaller avascularized central foci as 
sociated with a thickening of the epi 
thelium, with many points of superficial 
erosion, erosion of the subepithelial 
superficial stroma and deeper opacities. 
The author thinks that the dermatosis af 
fects the superficial parenchyma and that 
the deep lesions are secondary manifesta 
tions. Vito La Rocca. 


Pascheff, M. The progressive annual 
and concentric form of pannus vernalis. 
Arch. d’opht. 9 :596-598, 1949. 


Pascheff describes a pannus occurring 
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in a girl of 13 years suffering from vernal 
catarrh since the age of 6. Each cornea 
showed an annular fibropapillary pannus 
with little or no limbal hypertrophy. The 
visual acuity was reduced to 2/50. At 
operation the most hyperplastic portions 
of the pannus of the right eye were re- 
moved and on section showed a marked 
fibropapillary hyperplasia. The author 
concludes that there is a true pannus of 
vernal catarrh which in its most malig- 
nant form is annular and may arise with- 
out hyperplasia of the limbus. 

Phillips Thygeson. 


Pascheff, M. The dendritic melanocyte 
of the limbus. Arch. d’opht. 9: 599, 1949. 

The author states that in vernal catarrh 
there is often a pigmented circular zone 
around the cornea of each eye. This lim- 
bal zone is often injected and more or 
less hyperplastic. In histologic sections 
two types of melanocyte are seen in the 
epithelium. One type consists of the basal 
pigmented cells, the melanoblasts of the 
conjunctiva, while the other, discovered 
1907, 
dritic processes and a round or oval nu- 


by Pascheff in is a cell with den- 
cleus which lies between the cells of the 
basal layer of the epithelium. They are 
found in the pathologic conjunctiva, par- 
ticularly in vernal catarrh during the pe- 
riod of greatest activity. 

Phillips Thygeson. 


Pillat, A. Cicatrization of conjunctiva 
(conjunctivitis atrophicans diffusa) in 
poikiloderma: contribution to aspects of 
poikiloderma of mucous membranes. 
Wien. klin. Wehnschr. 61:703-706, Oct. 
21, 1949 

Pillat cites reports on the association 
of poikiloderma with cataract, on the 
involvement of the eyelid in the cutane- 
ous process, and on the appearance of 
atrophic spots on the retina and of peri- 
papillary edema in poikiloderma. The 
available literature indicates that involve 
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ment of the eye in poikiloderma occurs 
only in Jacobi’s type, that is, in poikilo- 
derma vascularis atrophicans, but not in 
Civatte’s type which is localized in face 
and neck, nor in the poikilodermatomyo- 
sitis of Petges. 

Pillat describes a case in a new locali- 
zation, namely in the conjunctiva. The 
patient was a man, aged 35, who pre 
sented the typical picture of poikiloderma 
vascularis atrophicans of Jacobi’s type. 
The cutaneous lesion extended to the skin 
of both eyelids. The growth of eyebrows 
and lashes was scanty and a cicatricial 
shrinkage of the conjunctiva of the lids 
existed, which simulated a cicatricial tra 
choma with pannus and __ trichiasis. 
Changes in the lens were absent. The 
cicatricial changes on the conjunctiva 
dominated the clinical picture to such an 
extent that one could designate it as a 
conjunctival and other 


causes of cicatrization were ruled out. 


poikiloderma 


Although the bulbar conjunctiva may 
have a normal appearance, slit lamp ex- 
amination reveals beginning cicatrization 
of the conjunctiva, the sclera and the con- 
junctival leaf of the cornea. The bulbar 
conjunctiva shows increased density and 
glistening; in the region of the palpebral 
fissure it is turbid and slightly pigmented. 
The blood current in the conjunctival 
vessels suggests that either the vessels no 
longer have a contractile layer or cicatri- 
zation prevents contraction. The superfi- 
cial layers of the cornea reflect the light 
of the slitlamp much more than is nor- 
mal. An atrophic process involves the en 
tire conjunctival sac. The author sug 
gests for the poikiloderma of the conjunc- 
tiva the term conjunctivitis atrophicans 
diffusa. The poikiloderma is not limited 
to the conjunctiva. The mucous mem- 
branes of lips, mouth, tongue and nose 
are also involved. 

Observations on this patient indicate 
that involvement of the skin and of the 
mucous membranes need not be of the 
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same degree of severity and also corrobo- 
rates that eyebrows and lashes are either 
missing or deficiently developed in poi- 
kiloderma. It is noteworthy that in the 
presence of severe poikilodermal shrinkage 
of the conjunctiva the lens was completely 
intact. The concurrence of hemophilia 
with poikiloderma, as in the reported 
ease, is regarded as further proof that 
poikiloderma is generally a dyshormonal 
systemic disease. The general involvement 
of ectodermal tissues is proved by the fact 
that the development of the teeth may be 
inadequate or that there may be rapid 
decay of the teeth. 
Theodore M. Shapira. 


Purtscher, Ernest. “Intermittent cor- 
neal edema” as manifestation of kerato- 
conjunctivitis sicca. Wien. klin. Wehn 
schrift. 61 :709-710, Oct. 21, 1949, 

Purtscher presents the case of a man, 
aged 31, who has been under his observa 
tion for about three years on account of 
intermittent edema of the cornea of both 
eyes. The epithelium is never entirely 
normal, It is uneven, shows delicate gray 
stippling and some of it stains with 
fluorescein. Visual acuity improves rap- 
idly when tears wash and smooth out the 
epithelium. 

Primary keratoconjunctivitis sicca oc- 
curs mostly in women of menopausal age. 
The author raises the question whether 
the case of his patient is unusual. A criti- 
cal survey of the literature gave him the 


impression that similar observations have 


been described under various diagnoses. 
Theodore M. Shapira. 


Silva, Linneu. Large corneal leproma. 
Arq. do Instituto Penido Burnier 8:120- 
124, June 1, 1949. 

The author describes a typical case of 
advanced corneal leproma in an Italian 
immigrant aged 65 years. (4 figures.) 


W. H. Crisp. 


Thomas, C. I. Corneal transplantation 
in cases of aphakia and ectopia of the 
lens. Arch. Ophth. 42:389-401, Oct., 1949. 

Apakia and ectopia of the lens present 
special problems when corneal transplan- 
tation is performed. The author’s experi- 
ence in such cases is summarized as fol- 
lows. 1. In cases of combined corneal leu- 
koma and cataract the corneal transplan- 
tation should be done before the cataract 
is removed. 2. Corneal transplantation 
can be performed on apakic eyes that are 
properly selected and prepared, and when 
proper the 
operation. 3. Ectopia of the lens also pre- 
sents the problem of loss of vitreous, 


instrumentation is used for 


which must be prevented for the best re- 
sults. Instruments are and the 
technique is outlined for corneal trans 
plantation in either the aphakic eye or the 
eve with ectopia of the lens. A special 
spatula is inserted into the anterior cham 
ber. The spatula may be steadied by the 


shown 


use of a magnet. (9 figures.) 
John C. Long. 


8 
UVEA, SYMPATHETIC DISEASE, 
AQUEOUS 

Gonzalez Pola, A. M. Notes on the 
etiologic diagnosis of iridocyclitis. Arch. 
Soc. oftal. hispano-am. 9 :967-973, Sept., 
1949. 

Gonzalez comments on the difficulty of 
determining the etiology of iridocyclitis, 
and advocates the application of the new 
diagnostic procedures, such as the study 
of the capillary ocular permeability, Ams- 
ler’s cytologic studies of the aqueous hu- 
mor, and Mester’s test for rheumatism. 
The author found that the ocular capil- 
lary permeability, tested by an intrave- 
nous injection of flourescein, was increased 
in nontuberculous iridocyclitis; in tuber- 
culous iridocyclitis, with a tendency to 
hypertension, and a disturbance in the 
venous circulation, the capillary permea- 
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bility is diminished, The uveal reaction to 
injections of tuberculin and typhoid vac- 
cine is also of diagnostic value; in tuber- 
culous iridocyclitis an intradermal injec- 
tion of tuberculin leads to a definite re- 
duction in intraocular tension, while ty- 
phoid injections aggravate the process. 
On the other hand eyes react well to ty- 
phoid injections in iridocyclitis caused by 
focal infection. The salient points of the 
cytologic studies of Amsler and Verrey 
on the humor in the various 
types of iridocyclitis are reviewed. 


Ray K. Daily. 


aqueous 


Morgan, ©. G. Some cases of inflamma- 
tion in the other eye after cataract ex- 
traction. Tr. Ophth. Soc. U. Kingdom 
67 1947. 

The 


whom extracapsular lens extraction was 


author reports five patients in 
followed by iridocyclitis in the other eye 
after a latent period of a few weeks or 
months. The clinical course in each was 
extremely like that of a sympathetic in 
flammation, though perhaps there was a 
greater tendency to increased tension. 
All the affected eyes were removed ex 
cept one and it was blind. These cases 
seem to form a definite group allied to 
sympathetic ophthalmia. 


Beulah Cushman. 
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GLAUCOMA AND OCULAR TENSION 


\rato Istvan. Angiodiathermy and its 
application in glaucoma. Arch. Soc. oftal 
hispano-am, 9:746 758, July, 1949. 

Under the name of angiodiathermy the 
author describes a new procedure which 
has for its objective a restriction of the 
production of aqueous humor through the 
obliteration of the anterior and the large 


posterior ciliary arteries. The vessels are 


coagulated by diathermy punctures at the 
level of the insertion of the internal and 


external recti. A diathermy needle, 1.5 
mm. in diameter, is introduced obliquely 
backwards, immediately in front of the 
insertions of the muscle tendons, which 
are exposed in the usual manner; 10 to 
12 punctures are made. Then punctures 
perpendicular to the sclera are made in 
small circles at points equidistant from 
the limbus and the muscle insertions to 
reach the posterior ciliary arteries. The 
author found this procedure ineffective in 
congestive glaucoma, acute or chronic, 
but excellent in noncongestive glaucoma. 
The effect of the operation increases with 
the cicatrization of the vessels. In three 
cases of acute glaucoma the immediate 
fall in tension was maintained for only a 
few days. In five cases of chronic conges 
tive glaucoma, one of buphthalmos and 
two of secondary glaucoma, the im 
mediate drop in intraocular tension was 
also only transitory. On the other hand, 
in four cases of chronic noncongestive 
glaucoma, the results were excellent and 
stable; cyclodialysis performed on one 
eve and angiodiathermy on the other per- 
mitted a comparative assessment of the 
value of the operation, and demonstrated 
that it is as effective as cyclodialysis and 
less traumatizing. The reduction in the 
intraocular tension for at least two years 
indicates that the operation acts not by 
producing a paralysis of the uveal ves 
sels, but by a permanent obliteration, 
which is not replaced by a collateral cir- 
culation. The difference in the behavior of 
the 
chronic glaucoma following this opera 
tion indicates that there is a basic differ 


intraocular tension in acute and 


ence in the etiology of the two diseases. 
(8 tension curves.) Ray K. Daily. 
Del Barrio, A. Observations on sym- 
pathetic ophthalmia. Arch, Soc. oftal. his- 
pano-am, 9:839-849, Aug., 1949. 
Three cases of sympathetic ophthalmia 


following cataract extraction are re 
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ported. In one case the operated eye was 
enucleated five months after the opera 
tion, when the sympathizing eye had a 
fully developed iridocyclitis ; this eye was 
lost. In the second the operated eye was 
enucleated two months after the opera- 
tion because of a painful iridocyclitis. 
Five days later the first inflammatory 
symptoms appeared in the second eye; 
during the course of the disease an iridec- 
tomy and sclerectomy were performed for 
the relief of raised ocular tension; 
when the inflammatory symptoms sub 
sided a pre-existing cataract was ex- 
tracted, with a final visual acuity of 5/30. 
The third patient presented himself with 
a sympathetic ophthalmia of the left eye, 
following a cataract extraction of the 
right eye three months previously; the 
operated eye was enucleated, and the left 
eye recovered with a final visual acuity 
of 5-10. While all therapeutic procedures 
were used, massive doses of sodium sali 
cylate appeared most effective. The litera 
ture on the treatment of this grave com 
plication is reviewed. The course of these 
three cases suggests that enucleation of 
the exciting eye has a favorable effect on 
the process in the sympathizing eye. 
Ray K. Daily. 


Bonavolonta, G. Statistical study of 
glaucoma observed at the eye clinic of 
Naples between 1936 and 1947. Giorn 
ital, oftal. 2:108-121, March-April, 1949. 

During the period 1936 to 1947 1,020 
cases of glaucoma were observed. Among 
139,900 patients examined at the clinic of 
the University of Naples during the years 
1946 and 1947, an increased number, espe 
cially women, were afflicted with acute 
glaucoma. This was ascribed to the ex- 
ceptional conditions of life during that 
time, and to increased emotional disturb 
ances. The chronic glaucoma was found 


to be more prevalent in men. No acute 


glaucoma was found in persons less than 
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40 years of age and most of the cases oc- 
curred after 61. There is a relation be- 
tween acute glaucoma and the vasomotor 
disturbances of the menopause. 

Vito La Rocca. 


Callahan, Alston. frequently-over- 
looked cause of blindness in infants: con- 
genital glaucoma. J]. M. A. St. Alabama 
19 :13-17, July, 1949. 

Congenital glaucoma in infants should 
be considered when the eyes seem large. 
These infants sleep fretfully and hide 
their face from light. They have excessive 
lacrimation and rub their eyes frequently 
The cornea stretches and becomes cloudy 
and the eyeball becomes large and is then 
a buphthalmus. The operative technique 
for goniotomy is described. Of ten children 
under the age of three years on which 
this operation was performed there were 
seven who had been followed for 6 to 12 
months and in whom the glaucoma was 
cured, In another group, ranging in age 
from 3% to 17 years there was only one 
successful operation of seven attempted. 
In the older age group the long continued 
pressure obliterates the canal of Schlemm 
and the spaces of Fontana. (10 figures, 1 
table.) H. C, Weinberg. 


Lohlein, H. Investigations on the angle 
of the anterior chamber in normal and 
glaucomatous eyes by means of Gold- 
mann’s gonioscope. Wien, klin. Wehn 
schr 61 :698-702, Oct. 21, 1949. 

Lohlein briefly reviews the history of 
gonioscopy. The technical difficulties 
have been largely overcome, but the no 
menclature requires greater clarification, 
since histologic and gonioscopic terms 
have become confused. The author uses 
the Goldmann gonioscope. The patient, 
with induced miosis, is seated at the slit 
lamp and a 30 fold magnification is used. 
By gradually turning the contact lens the 
examiner can see successively all parts 
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of the angle of the chamber, not all of 
them equally well. 

The examination of 60 eyes in 40 per- 
sons without eye defects, ranging in age 
between 15 and 70 years, and in whom the 
refraction varied between +2.0 dptr. sph. 
and —6.0 dptr. sph., revealed that the 
angle of the chamber was wide in 16 sub- 
jects, moderately wide in 32 and narrow 
in 12. According to Troncoso’s definition 
the angle of the chamber is wide when the 
band of the ciliary body is visible in its 
full width and the last ridge of the iris 
does not reach higher than up to the 
scleral spur. When the angle of the cham- 
ber is narrow the ciliary body either can- 
not be seen at all or it can be seen only 
between the high ridges of the iris. It 
cannot be said that the angle becomes 
narrower with increasing age. The author 
was unable to corroborate Barkan’s ob- 
servation that pigment accumulation in- 
creases with age; Lohlein found cham- 
ber angles free from pigment in all age 
groups. In emmetropic persons the angle 
was usually of moderate width, in the 
myopic it was wide or moderately wide 
and in the hyperopic it was narrow. 

The author describes gonioscopic ob- 
servations on 100 glaucomatous eyes in 
65 patients. The studies were made under 
artificial miosis so as to better judge the 
possible presence of anterior peripheral 
synechias in the region of the angle of 
the chamber of the eye, that is, adhesions 
between iris and sclera. The site of the 
attachment of the iris, the thickness of 
the root of the iris, the position and thick- 
ness of the lens, the size of the ciliary proc- 
esses, the strength of the ciliary muscle, 
the refractory status and other factors, 
taken all together, may influence the 
width of the chamber, although individ- 
ually they may show no relationship to 
the width of the angle of the chamber. 

Whatever type of gonioscopic classifi- 
cation is accepted for glaucomas, the fol 


lowing factors are of primary interest: 1. 


ABSTRACTS 


the width of the angle of the chamber, 2. 
the formation of synechia, 3. the degree of 
pigmentation of the trabeculum and 4. 
the sclerosis of the trabeculum. The au- 
thor shows that the narrowing or obstruc- 
tion of the angle of the anterior chamber 
and the degree of pigmentation of the 
trabeculum are of greatest interest. His 
examination of the angle of the chamber 
in 100 glaucomatous eyes revealed that 
when the eyes were divided into those 
with primary and secondary glaucoma, it 
was found that three-fourths of those 
with primary glaucoma had an open and 
one-fourth an obstructed angle, whereas 
among the 18 with secondary glaucoma 
16 had an obstructed and only two an 
open angle. These and other observations 
reveal clearly a tendency to increasing 
contraction of the angle of the chamber in 
the course of chronic glaucoma, although 
during the primary stages the angle is 
open. This tendency became evident also 
in observations on 23 patients with bi 

lateral chronic glaucoma simplex in which 
the degree of advancement of the disease 
differed in the two eyes. The author feels 
that the increasing contraction of the 
angle and the evidence of greater obstruc 

tion of the angle in the more severely dis 

eased of the two eyes in the same patient 
justifies the conclusion that the obstruc- 
tion of the angle of the chamber by syn- 
echia in patients with simple chronic 
glaucoma is secondary and not the cause 
of the increased pressures that occur dur 

ing simple chronic glaucoma. 

Studies on the pigment content of the 
angle of the chamber, in which a compari- 
son was made between 54 normal eyes 
and an equal number with simple chronic 
glaucoma, revealed increased pigmenta- 
tion in 20 percent of the patients with 
glaucoma and in 10 percent of those with 
normal eves. This slight difference does 
not indicate that trabecular pigmentation 
has etiologic significance in the glauco 
matous eye. The author feels that the ap 
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pearance of anterior synechias and sud- 
den intense pigmentations gives an un- 
favorable prognosis. 

Theodore M. Shapira. 


Soriano-Fischer, Elisa. Twenty-eight 
cases of blindness caused by sympathetic 
ophthalmia. Arch. Soc. oftal. hispano-am. 
9 :850-8600, Aug., 1949. 

Among 2,917 cases of blindness which 
occurred between 1940 and 1949, Soriano 
found 28 caused by post-traumatic sym- 
pathetic ophthalmia. Their histories are 
briefly presented. Twelve were typical of 
sympathetic ophthalmia; in 16 the in- 
jured eye lost vision rapidly through 
optic atrophy or papillitis, so-called pos- 
terior ophthalmia. The rapid loss of vi- 
sion is contrary to the general belief that 
posterior ophthalmia runs a slow and 
protracted course, and that enucleation 
of the injured eye is more beneficial here 
than in typical sympathetic ophthalmia. 
The author makes a plea for early enu 
cleation of all injured sightless eyes. 

Ray K. Daily. 


Thomassen, T. L. The glass rod test 
in glaucomatous eyes. Brit. J. Ophth. 33: 
773-778, Dec., 1949. 

It has been reported that the glass rod 
test varied with the height of the ocular 
tension and with the phase of oscillation 
but was not invariably negative in glau- 
coma. When the bulbar tension was in 
an increasing phase, the test was never 


positive, that is, the aqueous did not re- 
place the blood in the recipient vein so 
that it entered the vein previously filled 
with blood. When the bulbar tension was 
in a decreasing phase this test was some 


times found to be positive even when 


the ocular tension was increased. It 
did not seem to matter whether the de 
creasing phase was spontaneous or pro 
duced by pilocarpine. When the tension 
remained on a steady, but increased level, 


the test was usually negative but in a 


few cases it was positive in spite of a 
markedly increased tension. Repeated ex- 
aminations of the same aqueous vein 
often gave very different results. After a 
discussion of the formation and produc- 
tion of aqueous humour, the author con- 
cludes that the cause of the phenomena 
in glaucomatous eyes must be sought in 
the blood veins. Venous pressure is high 
in proportion to the bulbar tension when 
the latter is in an increasing phase and 
this tends to cause a negative glass rod 
test. When the bulbar pressure is in a 
decreasing stage, however, the venous 
pressure is low compared to the bulbar 
tends to make the test 
Orwyn H. Ellis. 


pressure which 


positive. 


10 
CRYSTALLINE LENS 
Cogan, D. G., Martin, S. F., 
Kimura, S. J]. Atom bomb cataracts. Sci 
ence 110 :654-655, Dec. 16, 1949. 


Ten subjects between the ages of 13 


and 


and 55 years who were 550 to 950 meters 
from the hypocenter at the time of the 
atomic bomb explosions showed similar 
types of cataracts. In both eyes there 
were opacities of the posterior lenticular 
capsules in an area of 2 to 4 mm. in 
diameter in the axial zone, with oc- 
casional punctate opacities toward the 
periphery. The doughnut-shaped opacities 
were sharply defined with jagged edges 
and light centers. Slitlamp examination 
showed the cataracts to be lace-like in 
texture with a few polychromatic crystals 
and a few vacuoles in the posterior cap- 
sule with no extension to the underlying 
cortex, although the vacuoles were just in 
front of the capsule. The anterior capsule 
showed a few puncta in seven patients 
with an occasional vacuole in three of 
them. The cataracts are similar to those 
associated with exposure to X rays and 
gamma rays. The part played by the neu- 
trons in the pathogenesis of these lens opa- 
cities was not evident. H. C. Weinberg. 
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Fuentes Noya, M. Treatment of sec- 
ondary membranous cataract. Arch. Soc. 
oftal. hispano-am. 9 :1014-1018, Sept., 1949. 


Fuentes advocates complete extraction 
of a membranous cataract, which he 
achieves through one limbal incision, and 
the use of a specially designed hook. At 
one end this instrument has the usual 
iris hook, and at the other an S-shaped 
hook. The iris hook is introduced through 
the incision, and carried across the an- 
terior chamber, where it separates the 
membrane from the iris; it is then with- 
drawn, and the S-shaped hook intro- 
duced; by manipulating this hook the 
entire membrane is caught within its 
grasp; by twisting it the membrane is 
separated from its attachment and made 
free in the anterior chamber. It is then 
withdrawn on the hook, (14 figures.) 
Ray K. Daily. 


Gerber, Hans. Penicillin prophylaxis 
in operations for cataract. Wien. klin 
Wehnschr. 61:685-686, Oct., 21, 1949. 


Gerber says that postoperative infec- 
tion and expulsive hemorrhage are the 
most serious complications of operations 
for cataract, which sometimes may result 
in the loss of an eye. He cites figures on 
the incidence of postoperative infections 
before the prophylactic use of penicillin 
was a routine measure in patients to be 
operated on for cataract. He also briefly 
describes four case histories of patients 
who were treated with penicillin for post- 
operative infection, These histories show 
that although from two to five million 
units of penicillin are required for the 
treatment of postoperative infections, this 
treatment does not necessarily preserve 
the function of the eye. On the other 
hand the prophylactic treatment with 
penicillin requires comparatively small 
quantities and no postoperative infection 
was observed in the 242 cataract opera 
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tions in which prophylactic penicillin was 
employed routinely. 


Theodore M. Shapira. 


Penido Burnier, J., and Souza Queiroz, 
L. Congenital cataract secondary to ma- 
ternal rubeola during pregnancy. Arq. 
do Instituto Penido Burnier 8:94-103, 
June 1, 1949. 

The authors’ first patient, nine years 
of age, had unilateral microphthalmia, 
cataract, and mitral stenosis. The second 
patient, six years of age, had bilateral 
microphthalmia and cataract. Both moth- 
ers had had rubeola during the first 
month of pregnancy. It is the authors’ 
belief that soft cataracts should be op- 
erated upon by corneal incision with the 
keratome, wide capsulectomy, and curet- 
tage or aspiration of the lens substance. 


W. H. Crisp. 


Smith, F. W. G. Extraction of cataract 
in a case of sympathetic ophthalmia. Brit. 
J. Ophth. 33 :779-780, Dec., 1949. 

\ case of cataract extraction following 
sympathetic ophthalmia is reported. In- 
serting two Ziegler needles into the lens 
substance facilitates its delivery. It is 
suggested that where cataract has de- 
veloped after sympathetic ophthalmia 
fairly early operation might be under- 
taken, as the iridocapsular membrane is 
softer if undue inflammation is not pres 
ent and the acute recurrences have sub- 
sided. Orwyn H. Ellis. 


11 
RETINA AND VITREOUS 


Bock, J. Relation between areas of 
shrinkage in the detached retina and the 
vitreous. Wien. klin. Wehnschr. 61 :672 
675, Oct. 21, 1949. 

Béck concerns himself particularly 
with the folds that are observed when 
detachment of the retina exists. He says 
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that Gonin, who laid the foundations for 
the modern treatment for detachment of 
the retina gave considerable attention to 
these pleats or folds, dividing them into 
types, folds (“plis 
étoilés”) and radiating folds (“plis ir- 


two star-shaped 
radiants”’). Gonin believed that the radiat- 
ing folds developed only after operative 
interventions, particularly after penetrat- 
ing ignipuncture. These radiating folds, 
which apparently branch outward from 
the field of operation have also been ob- 
served and discussed by others, among 
them Meller, who regarded them as a 
bad result of ignipuncture and indicative 
of an unfavorable result. Gonin was of the 
opinion that at the site of the burn re 
sulting from the ignipuncture, the retina 
and vitreous become fused. The shrinkage 
of the cicatricial tissue gives rise to the 
folds. Other 
Vogt, expressed 


formation of observers, 


among them similar 
opinions. 

The star-shaped folds in contradistinc- 
tion to the radiating folds are observed 
not only after interventions but also be- 
fore. They are not necessarily restricted 
to the but may 


distant Radiating folds do not 


disturbed area, appear 
from it 
necessarily signify an unfavorable prog- 
nosis, the star-shaped folds always do. 
Gonin and others stress this. 

Gonin believed these star-shaped folds 
of adhesions between 


Bock 


vestigations on the relationship between 


to be the result 


vitreous and retina. describes in- 
the vitreous and these star-shaped areas 


of shrinkage by Lindner’s methods of 
investigating the posterior vitreous with 
the 

They 
nocular 
improved slitlamp and Hruby’s anteriorly 


slitamp and corneal microscope. 
were facilitated by using the bi- 
microscope with Goldmann’s 
placed filter. 

The author points out that contrary to 
the shrinkage 


(folds) are not due to adhesions between 


Gonin areas of retinal 


vitreous and retina, but to detachment, 
and to the presence of subvitreal fluid 


between vitreous and retina. This was 
supported by histologic observations in 
the detachment 


Leber’s second theory of the origin of 


presence of retinal 
retinal detachment as the result of the de 
velopment of a cellular membrane on the 
surface of the retina following preretinitis 
suggests that such changes develop only 
at sites where the vitreous is no longer 
attached to the retina, Bock presents two 
case histories which demonstrate that in 
the presence of favorable conditions the 
slitlamp that vitreous 
retina detached in the areas of 
shrinkage. Theodore M. Shapira 


will show and 


are 


Busacca, Archimede. Observations on a 
form of chorioretinitis with retinal detach- 
ment. Arch. d’opht. 9:549-583, 1949. 


Busacea describes a form of chorio 
retinitis which attacks young subjects 
selectively in the region of the posterior 
pole. It starts as an inflammatory and 
necrotic focus which soon leads to a 
retinal separation, most often situated 
near the papilla and extending between 
the upper and lower temporal vessels. 
The disc is not usually clinically involved 
in the but 


vascular infiltraton of the 


process, there may be peri 
vessels of the 
the 


constantly a 


disc and exudation into vitreous 
Perimetry reveals almost 
sector defect. In the majority of cases 
the retina reattaches spontaneously and 
the patient regains good vision, but in 
a significant percentage of cases the vi 
sion The 
healed focus is always ophthalmoscopi 


cally prominent and the vitreous opacities 


remains permanently low. 


tend to be persistent. Busacca differenti 
ates the lesion sharply from the juxta 
papillary chorioretinitis of Jensen. He 
considers the etiology unknown, He re 
ports on the pathology of one case and 
states that the lesion is primarily cho 
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roidal and not retinal. For treatment he 
considers the following to be of value: 
sodium salicylate intravenously, sodium 
hyposulfite intravenously, fever therapy, 
and roentgentherapy according to the 
technique of Mattey, Jeandelize, and 
Gault (Bull. Soc. Opht., Paris, 1934). 
Phillips Thygeson. 


Duguet, J., Dumont, P., and Bailliart, 
J] P. The effects of anoxia on retinal 
vessels and retinal arterial pressure. J. 
Aviation Med. 18:516-520, Dec., 1947. 

The retinal vessels were studied be- 
cause changes in them reflect the changes 
in the local circulation produced by high 
altitudes and also, by analogy, they re- 
flect the changes which occur in the cir- 
culation in the deep vessels in the brain. 
The enlargement of the retinal vessels 
is great enough to be measured at 4,000 
meters and reaches its maximum at 6,000 
meters, The retinal arteries become darker 
and approac h the color of the veins. The 
rich branching of the arteries near the 
macula becomes apparent. The general 
color of the retina is darker and the disc 
loses its pale rose color and becomes light 
bluish gray. This discoloration is con- 
comitant with the general cyanosis due 
to a decrease in the oxyhemoglobin per- 
centage in the blood. The retinal veins 
also become dilated. In anoxia there is 
an increase in retinal arterial pressure as 
well as a general rise in blood pressure. 
This decreases slowly with the duration 
of exposure to the anoxia of high alti 
tudes. There is a fall in retinal arterial 
pressure in anoxia in individuals who 
cannot tolerate the high altitudes. (3 
figures. ) H. C. Weinberg. 


Fanta, H. Hypotension in the vessels 
of the area of the central retinal artery. 
Wien. klin. Wehnschr. 61:679-681, Oct. 
21, 1949. 

In Fanta’s clinic the examination of 
patients with headache includes a meas 
urement of the pressure in the central 
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retinal artery and hypotension was noted 
in a considerable number of patients. 
Some of the patients had hypotension in 
the general blood pressure and a corre- 
sponding hypotension in the region of 
the central artery of the retina. They 
complained not only of headaches but 
also of visual disturbances. Some also 
had vertigo. Visual acuity and the eye- 
ground were normal. Their symptoms 
improved after treatment with caffeine 
and “sympatol.” 

In another group of patients there was 
no hypotension in the general circulation, 
but measurement of the pressure in the 
central retinal artery revealed isolated 
hypotension in the region of the cerebral 
vessels. These patients were of greater 
interest to the ophthalmologist. They 
complained of headache and intermittent 
visual disturbances, and were free from 
refractive errors and heterophoria. In one 
of them with almost intolerable headache 
the ratios of systolic and diastolic pres 
sures in the brachial and in the retinal 
artery were 125/95 and 45/23, respec- 
tively. After his nicotine poisoning had 
subsided the ratios became more nearly 
normal and he was comfortable. 

After citing observations on several 
other patients, the author says that abso- 
lute isolated hypotension in the region of 
the central retinal artery has been ob- 
served in patients with essential epilepsy, 
Parkinson’s disease, postencephalitis 
conditions, multiple sclerosis, traumatic 
encephalopathia, neurosympathetic dys- 
tonia, involutional psychoses, dementia 
praecox, chronic alcoholism, progressive 
paralysis, myocarditis, myocardial mala- 
cia, cardiac insufficiency, endocarditis, 
pernicious anemia, lymphogranulomatosis 
and tuberculosis. Lauber suggested that 
hypotension in the region of the cen- 
tral retinal artery might be the cause of 
atrophy of the optic nerve in tabes. Pseu 
doglaucoma likewise has been ascribed 
to it. 
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The patients whose histories are re- 
viewed here by Fanta complained chiefly 
of headache and disturbances, 
vertigo was often admitted only on ques- 
tioning. It is noteworthy that many of 
these patients found their condition easier 
to bear when reclining. They never ex- 
hibited pathologic conditions in the eye- 
Theodore M. Shapira. 


visual 


ground. 


Godtfredsen, Erik. Investigations into 
pyaluronic acid and hyaluronidase in the 
subretinal fluid in retinal detachment, 
partly due to ruptures and partly second- 
ary to malignant choroidal melanoma. 
Preliminary report suggesting a new hy- 
pothesis concerning the pathogenesis of 
retinal detachment. Brit. J. Ophth. 
33.721-732, Dec., 1949. 

The presence of hyaluronic acid and 
hyaluronidase in the subretinal fluid was 
investigated as a possible contribution 
to the pathogenesis of retinal detachment. 
The literature regarding the nature of 
the vitreous and the subretinal fluid is 
reviewed. Within a skin area it has been 
shown that the allergic tissue reaction 
will involve the local production of hy- 
aluronidase, which, by its influence on 
the hyaluronic acid of the connective 
tissue, contributed to the allergic process. 
This hyaluronidase activity may be in- 
hibited by antihistamines. 

Investigations on 17 patient with all 
degrees of detachment are re- 
ported. At the time of operation the sub- 
retinal fluid flowing through the scleral 
was and subse- 
quently tested by the viscosimetric tech- 
nique. Large amounts of hyaluronic acid 
were present in all cases of primary 
serous retinal detachment with scleral 
rupture. This bears out the hypothesis 
that the subretinal fluid comes from the 
vitreous, the considerable hyaluronic acid 
content has been established. 
The hyaluronic acid concentration in 
the subretinal fluid is small at first, then 


retinal 


perforations collected 


of which 
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later gradually increases. Hyaluronic acid 
was absent in the subretinal fluid of both 
cases of malignant choroidal melanoma 
examined, 

The author presents a new hypothesis 
concerning the pathogenesis of retinal 
detachment. The development takes place 
gradually by a primary angioneurotic 
retinal ischemia followed by necrosis, pro- 
ducing a cystoid degeneration, then rup- 
ture and an associated partial liquefaction 
of the vitreous body. The liquefaction is 
caused by local liberation of hyaluroni- 
dase which in turn produces partial de- 
polymerisation of the hyaluronic acid in 
the vitreous body. The inactivation of the 
hyaluronic acid by antihistamines sug- 
gests a possible supplementary treatment. 
It is possible that tests for hyaluronic 
acid may become important in the dif 
ferential diagnosis in cases of primary 
and secondary retinal detachment. 

Orwyn H. Ellis. 


Hruby, K. New clinical aspects of oph- 
thalmology. Wien. klin. Wcehnschr. 61 
693-695, Oct. 21, 1949. 


Posterior detachment of the vitreous 
body, i.e., the detachment and retraction 
of the vitreous body from the portion of 
the retina which is situated behind the 
ora serrata is frequently or regularly as- 
sociated with axial myopia, the senium, 
inflammations of the uvea, blunt or per- 
forating injuries of the eyeball, hemor- 
rhages in the vitreous space, detachment 
of retina and other diseases of the eye. 
Gliosis-like densifications in the detached 
posterior limiting layer of the vitreous 
body, which may appear on ophthalmo- 
scopic examination, as “formed opacity 
of the vitreous,” may be a guiding symp- 
tom. In the absence of this symptom, the 
slitlamp will be an aid in diagnosis. The 
opacities are observed by the patient as 
“flying spots” because their shadows on 
the retina are perceived entoptically. The 
detachment of the vitreous body may be 
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associated with photopsia. No effective 
treatment is available, but the condition 
as a rule is benign except for the very 
rare occurrence of retinal tear. 
Chorioretinitis centralis serosa (Kita- 
hara’s disease) has been described par- 
ticularly by Japanese authors. Examina- 
tion of the eyeground with the slitlamp 
facilitates the diagnosis. The disease may 
be considered as a circular circumscribed 
serous detachment of the retina in the 
the with 
pronounced edematous infiltration of the 
flatly detached retina itself. The cause of 
the serous retinal detachment is a circum- 
the choroid 
which as a rule becomes ophthalmoscopi- 
cally visible in the course of the disease. 
The disease has a predilection for pa- 
tients of medium age and is characterized 
by a disc-like positive scotoma. Sub- 


area of macula more or less 


scribed, inflamed focus in 


retinal effusion and edema of the retina 


become adsorbed within two to three 
months, The prognosis is favorable. Local 
recurrences may be observed. Treatment 
is of little avail 

externa of 
visual 
disturbance caused by a yellow or gray, 


Coats’s retinitis exudativa 


the macula starts with a sudden 


round, slightly elevated, inflamed focus in 
the macula or adjacent to it, with hemor- 
rhages in the outermost layers of the 
retina, Changes may be localized in the 
deepest layers of the retina with the aid 
of the slitlamp and thus the name of the 
disease seems to be justified. The disease 
has a chronic course. The exudate will 
never be adsorbed completely and a yel- 
low-whitish central induration may de 
the 
iwcuity, therefore, is only possible with a 


velop. An improvement of visual 


paracentral localization of the disease. 
The disease has a predilection for the 
young. According to Rieger, Coats’s reti- 
nitis may be considered as an embolic 
tuberculous, vascular disease of the cen- 
ter of the retina, but coccal embolism in 


the capillary net of the retina may be its 


cause. Short fever therapy by milk injec- 
tions followed by tuberculin therapy ts 
recommended. 

Kreibig’s opticomalacia is an acute nu- 


tritional disturbance with a focus of 


softening in the optic nerve between 
chiasm and papilla, due to severe scle- 
rotic changes of the vessels which supply 
this portion of the optic nerve. The diag- 
nosis can only be made by exclusion or 
ex juvantibus. The advanced age of the 


patient, a general and local arteriosclero- 
sis, the severe acute visual disturbance 
with little changes in the papilla, and the 
complete absence of pain offer valuable 
indications for the nature of the condi- 
tion. Practical or real blindness of the 
diseased eye cannot be prevented by fever 
therapy or other procedures. 

Primary (symmetric) cleft of the retina 
is the term suggested by the author for a 
well characterized syndrome which may 
be diagnosed frequently when refracting 
or examining the eyeground. The fundus 
presents the aspect of a circumscribed, 
high, vesicular or limited flat “detach 
ment of the retina,” which is character 
ized by the transparence of the thin, de 
tached retina, the absence of any folds or 
grooves, the absence of visible defects of 
the retina, and in most instances the ab- 
sence of posterior detachment of the vit- 
reous body. The symmetry facilitates the 
diagnosis but it is possible that the cleft 
of the retina may be high and markedly 
cystic on one side, while it may be still 
quite flat on the opposite side. The oph 
thalmoscopic picture of a “detached 
retina” is to be considered only as a 
which 
from the detachment of the inner layers 
of the retina, while the outer layer of the 
still adheres to the bulbar wall. 
True detachment as a sequel of a cleft 


“simulated detachment,” results 


retina 


retina can be considered only after per 
foration of both the layers of the retina, 
possibly after perforation of the outer 
layer alone and when the retina is torn 
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from the ora serrata because of traction 
associated with progressive cystic exten- 
sion. Primary cleft of the retina always 
was observed by the author in the tem- 
poral half of the retina. The cystoid de- 
generation cleft only in a 
biologically young retina. 


induces a 


Spontaneous regression of cleft-cysts 
of the retina was observed as a result of 
rupture of the wall of the cyst. Surgery is 
therefore not advisable in the early stages 


of primary clift of the retina but in in- 
stances with a progressive course is more 
promising than in cases of true detach- 
ment. Surgical treatment consists of iso- 
lating the cleft-cyst by means of diather- 
mal puncturing. 

The progress which has been achieved 
in ophthalmologic diagnosis during the 
last 30 years is partly a result of the in- 
troduction of slitlamp-microscopy of the 


eyeground Theodore M. Shapira 
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News items should reach the editor by the 12th of the month but, to receive adequate publicity, notices of 
postgraduate courses, meetings, and so forth should be received by the editor at least three months before 
the date of occurrence 


DEATHS 


Dr. Samuel Abraham Durr, San Diego, Cali- 
fornia, died December 4, 1949, aged 55 years 

Dr. Emory Edward Holland, Richmond, Indiana, 
died October 13, 1949, aged 65 years 

Dr. Eugene Ezra Neff, Madison, Wisconsin, died 
October 31, 1949, aged 59 years 


MISCELLANEOUS 
RECEIVES RESEARCH GRANT 

The department of ophthalmology in the Uni- 
versity of Toronto has received a grant from the 
Ontario Provincial Department of Health through 
funds provided by federal grants for research work 
on the prevention of blindness from glaucoma. This 
work will be done under the direction of Dr. T. H 
Hodgson in the Banting Institute, Toronto General 
Hospital, and other university teaching hospitals in 
Toronto. The initial grant was $8,200. It is pro- 
posed that the research work will extend over 3 to 
5 years 

ANNOUNCEMENTS 
CORTHOPTIC EXAMINATIONS 

The annual examination of orthoptic technicians 
by the American Orthoptic Council will be con- 
ducted in September and October, 1950. 

The written examination will be nonassembled 
and will take place on Thursday, September 7, in 
certain assigned cities and offices and will be proc- 
tored by designated ophthalmologists 

The oral and practical examinations will be on 
Saturday, October 7, in Chicago, just preceding the 
meeting of the American Association of Orthoptic 
Technicians 

Application for examination will be received by 
the office of the secretary of the American Orthop- 
tic Council, Dr. Frank D. Costenbader, 1605 22nd 


Street, N.W., Washington and must be 
accompanied by the examination fee of $25. Appli 
cations will not be accepted after July 1, 1950 


COUNCIL FOR CHILDREN 


The International Council for Exceptional Chil- 
dren will hold its annual meeting at the Stevens 
Hotel, Chicago, March 19 to 23. The problems ot 
handicapped children, including those who are blind 
or partially sighted, will be the subject of the con 
ference 


GLASGOW MEETINGS 

Each Wednesday evening during March a series 
of meetings will be held in the department of 
ophthalmology, University of Glasgow, at 
o'clock 

On March 1, Dr. D. Christison will speak on 
“Prognosis in iridocyclitis;” on March & Dr. S 
Galbraith, “The evolution of the ophthalmoscope ;” 
on March 15, Dr. J]. D. Fraser, “Glioma of the 
retina;” on March 22, Dr. T. D. M. Roberts, 
“Primary visual receptors ;" and on March 29, Dr 
T. Wilson, “Modern methods of investigation.” 

Following the presentation of the main paper, 
the meetings will be open for discussions 


eight 


Societies 


EASTERN RESEARCH PROGRAM 

The Eastern Section of the Association for Re 
search in Ophthalmology met at Lenox Hill Hos 
pital, New York, on January 28. Papers presented 
at this meeting were 

“Cytological and bacteriological studies on the 
aqueous humor in uveitis,” Dr. John Locke; “Ex 
perimental tissue therapy in selected ophthal 
mological disorders,” Dr. Ervin Tusak; “Alkali 
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resistant polysaccharides of the retina,” Dr. Fred- 
erick Williams; “Synthesis of glutathione in 
normal and cataractous lens,” Dr. Frederick Mer- 
riam and Dr. V. E. Kinsey; “Reduction of visual 
acuity resulting from exposure to sunlight,” Dr. 
R. H. Peckman and Dr. R. D. Harley; “Choline 
acetylase activity in ocular tissues,” Dr. Andrew 
de Roetth; “Clinical and experimental observations 
of cycloelectrolysis and cyclodiathermy,” Dr 
Arthur B. Duel, Jr. and “Studies in ACTH in 
eye diseases,” Dr. John McLean and Dr. Daniel 
Gordon 
PENNSYLVANIA ACADEMY MEETING 
The annual meeting of the Pennsylvania Acad- 
emy of Ophthalmology and Otolaryngology will be 
held May 12, 13, and 14, 1950, at the Bedford 
Springs Hotel, Bedford, Pennsylvania. 

Among the speakers who will present papers at 
this meeting will be: Dr. Edward H. Campbell, 
Dr. Frank D. Costenbader, Dr. Karl Houser, Dr 
Raymond E. Jordan, Dr. John E. L. Keyes, Dr 
John A. Kolmer, Dr. Francis L. Lederer, Dr 
Irving H. Leopold, Dr. Maurice Saltzman, Dr 
Richard G. Scobee, Dr. Edmund B. Spaeth, and 


Dr. Frank B. Walsh 

In addition to the formal presentations, 12 study 
clubs will be conducted. There will also be an open 
forum, an “information please” type of session, on 
the topics “Refraction difficulties in presbyopia,” 
and “Common office procedures in Otorhinolaryn- 


gology.” 

Officers of the Pennsylvania society are: Presi- 
dent, Dr. Daniel S. DeStio, Pittsburgh; president- 
elect, Dr. Jay G. Linn, Pittsburgh; secretary, Dr 
Renjamin F. Souders, Reading 


East-CeNTRAL SECTION 

The Fast-Central Section of the Association for 
Research in Ophthalmology met at the Hotel 
Statler, Cleveland, Ohio, January 10. The evening 
meeting was with the Cleveland Ophthalmological 
Club. Dr. Harold Scheie was the guest speaker 

The program was: “Hyaluronidase: An aid to 
local anesthesia in ophthalmology,” Dr. Harvey E 
Thorpe; “The efficiency of local anesthetics when 
used in small doses,” Dr. H. S. Hamilton, and Dr. 
|. F. Aikenhead; “Acetyldimethylbenzylammonium 
chloride: A new ophthalmic irrigating solution,” 
Dr. Richard P. Bell, Ir, and Dr. Lorand V. John- 
son; “The effects of glove powders on the eye,” 
Dr. Frank E. Schwartz and Dr. Jay G. Linn, Jr.; 
“Galactosemic cataract,” Dr. Harold F. Falls; 
“Aureomycin as ophthalmia neonatorum prophy- 
laxis,” Dr. Samuel G. Clark and Dr. Arthur M 
Culler; “Studies of toxoplasma in tissue cultures,” 
Mr. T. Suie, Ir, Dr. Jackson W. Riddle, and Dr 
Arthur M. Culler; “Protein transport in ocular 
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structures,” Dr. Albert M. Potts, Dr. Lorand V. 
Johnson, Miss Mildred Orchen, and Miss Doris 
Goodman; “Effect of anticonvulsant drugs on 
retinal metabolism,” Dr. Anita P. Gilger, Dr. Al- 
bert M. Potts, and Dr. Lorand V. Johnson; 
“Aqueous veins and refraction-correcting contact 
lens,” Dr. K. W. Ascher; “Beta-ray applicators: A 
comparison of several types of beta-radiation 
sources,” Dr. H. L. Friedell; “A new method for 
measuring aniseikonia,” Dr. G. A. Brecher; “Effect 
of staphylococcus growth products on a flavo- 
enzyme system,” Mr. Robert C. Nelson and Dr 
Lorand V. Johnson; and “Greater superficial 
petrosal neurectomy for the relief of chronic 
bullous keratitis,” Dr. Lorand V. Johnson and Dr 
William A. Nosick. 


Orricers oF RICHMOND SOCIETY 

The Richmond, Virginia, Eye, Ear, Nose, and 
Throat Society has elected the following officers: 
President, Dr. E. W. Perkins; secretary, Dr. J 
Warren Montague. The society meets at the Com- 
monwealth Club on the first Tuesday of January, 
March, May, and October. 


MILWAUKEE PROGRAM 

At the January 24 meeting of the Milwaukee 
Oto-Ophthalmic Society, Dr. H. Isabelle McGarry 
of the Illinois Eye and Ear Infirmary, Chicago, 
presented a paper on “Management of the glau- 
coma clinic,” which was discussed by Dr. E. E. 
Grossmann. Dr. George Dunker is president of the 
society; Dr. B. P. Churchill, secretary. 


Los ANGELES OFFICERS 

Recently elected officers of the Los Angeles So- 
ciety of Ophthalmology and Otolaryngology are: 
President, Dr. Alden H. Miller; secretary-treas 
urer, Dr. Victor Goodhill. Section on Ophthal- 
mology: Chairman, Dr. Dennis V. Smith; secre- 
tary, Dr. Carroll McCoy. Section on Otolaryn- 
gology: Chairman, Dr. Howard P. House; secre- 
tary, Dr. J. Edwin Scobee. Meetings are held at 6 
p.m. at the Los Angeles County Medical Associa- 
tion Building, 1925 Wilshire Boulevard, on the 
fourth Monday of each month from September 
through May 


BROOKLYN PROGRAM 

During the instruction session at the I11lth regu- 
lar meeting of the Brooklyn Ophthalmological So- 
ciety, Dr. Harold F. Schilback spoke on “Tech- 
nique of conducting perimetry and angioscotom- 
etry.” 

Papers of the evening were: “Therapeutics with 
antibiotics,” by Dr. Alson E. Braley, and “Glau- 
coma,” by Dr. Daniel Kravitz, with a discussion by 
Dr. Willis S. Knighton 
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FOREWORD 


This year the Guild of Prescription Opticians of America observes its 
twenty-fifth anniversary as a national organization. 


Starting a quarter century ago with only 17 members along the eastern 
seaboard in and near Philadelphia where the Guild idea had its inception, 
today there are 325 members in 34 states from New England to Florida, 
from the east coast to the west coast, and in Canada. 


The Guild started because there was a need for it; common problems and 
common interests among ethical dispensers who had cast their lot with 
Medical Eye Care. 


The Guild has grown because other ethical dispensers have realized that 
their own interests and needs were allied with Guild standards and practices. 


There is much in the Guild’s history that is interesting. And on this page 
for the balance of our Silver Anniversary year we shall be sharing the 
Guild’s story with you. 


It will be briefly written, touching only the high spots. But at the end of 
this series we believe you will better understand the Guild, its purposes and 
attainments, and the substantial part it has taken in serving and supporting 
Medical Eye Care. 


The Guild of Prescription 
Opticians of America, Inc. 
110 E. 23rd Street New York (10) N.Y. 
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Storz Instrument Case 


(Small) 


A 
carrying meatruments 
s suffice 


the metruments 


case for 


small hook size instrument 
The 


ize 
ently large to carry 


used for any single 


operation. Furnished with Stainless 


Steel sterilizing rack which holds 6 
knives or other handle type instru 
ments, and two felt covered and elastic 


for scissors, forceps and 
ce is provided to 
individually boxed knives. A 


handed trays 
other 


instruments, Spa 
leep compartment to hold eye 
speculum, needle holder, anterior cham- 


ber irrigator or other relatively bulky 


covered with a dur 


able black leatherette . $22.50 


Stor; Instrument Company * 4570 Audubon Ave. 
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New Eye Instrument Catalogue 
sent upon request. 


92 
Storz Instrument Case 
Larger Size (not shown) ...... 


you 
for prescribing 


Obrig Superior Quality 


PHILADELPHIA . . 
JOHANNESBURG... 


Laboratories Grc 


49 EAST Slst STREET * NEW YORK, 22, N. Y. 
BRANCHES IN 


. MONTREAL . . . LONDON 
SHANGHAI 
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PRESCRIPTION OPTICIANS 


ST. LOUIS, “we CHICAGO, ILL. 

ALMER COE & COMPANY 
610 Olive Street 

518 N. Grand Boulevard Established 1806 

and Clayton, Mo. 10 N. Michigan Ave. 
Prescription Opticians Since 1879 1645 Orrington Ave., Evanston, til. 


PORTLAND, ORE. 


J. C. REISS, Optician Hal H. Moor, 315 Mayer Bldg. 
10 Hill St. Guild Optician 
Newark 2, N.J. Oculists’ prescriptions exclusively 


12 Community Place 
Morristown, N.J. 


P. Benson Optical 
Oldest Optical House in New Jersey Company 


Member Guild of Prescription Opticians of America. Since 1913 
Complete Ophthalmic Rx Service 
Including Contact Lenses and Plastic Eyes 
MINNEAPOLIS, MINN. 
Duluth Eau Claire Bismarck 
La Crosse 


CINCINNATI, OHIO Albert Lea Aberdeen 
Rochester Wausas Hurea 

L. M. Prince Co. Wines, 

Established 1872 Vin 


Prescription Opticians 
Sole makers of Coflexic 


Corrected Curve Lenses PHILADELPHIA, PA. 


NEW YORK CITY 


( Prescription Opticians—since 1890 


Optician Established 1875 

$20 Fifth Ave. New York 

255 Livingston St., Brooklyn 

Member Guild of Prescription Opticians of 
America 
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FOR UNPRECEDENTED ACCURACY 
The MUELLER ELECTRONIC TONOMETER 
GIVES YOU THIS. .. 


Greater physical accuracy than any existing me- 
chanical lever device—two to four times the sensi- 
tivity of the conventional mechanical tonometer 
—these alone make the Electronic Tonometer a 
diagnostic instrument of extreme value to the 
physician. 

This unprecedented accuracy is maintained ac- 
curacy— free from all loss due to wear of 
mechanically moving parts. Simple to use, easy 
to read, the Electronic Tonometer is always ac- 
curate. 


Individually tested, each instrument is certified to 
produce readings well within the new limits of 
accuracy established by the American Academy of 
Ophthalmology and Otolaryngology. For 110 
volts, 60 cycles, AC, Each. $160.00 


Developed, Manufactured and Sold Only By 


V. MUELLER & COMPANY 


Free on Request 408 S$. HONORE ST. CHICAGO 12, ILLINOIS 


KOLLMAO 


2 Franklin Avenve 
Brooklyn 1), New York 


+ 
' 
' 
! 
' 


INFORMATION ON | 


WHAT THEY ARE. A general discussion of the design. 
construction and uses of the improved Spectels. An out- 
line of their development. Comparisons of the two mag- 
nifications and descriptions of the various trial sets. 
Bulletin 302. 


HOW THEY ARE PRESCRIBED. Twelve pages of fac- 
tual information on the application of telescopic spec- 
tacles. Case histories. Bulletin 304. 


TRIAL PROCEDURE. A concise. step-by-step outline 
of the trial procedure which has been found effective. 
Bulletin 303. 


- ~~ TRIAL SETS. Complete descriptions and illustrations 
of the four different tria] sets available. Form 85. 


PRICES of Spectel telescopic spectacles, frames, trial 
sets and accessories are given in Form 7146-A. 


This literature is available from your supply house or 


from 
CORPORATION Distributed in Canada by 
Imperial Optical Company. 
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GREEN'S ELECTRIC TREPHINE 


IMPROVED MODEL BY DAVID KADESKY, M.D. 


The instrument simplifies the operation of trephining for Glaucoma or Corneal Transplantation. 
Blades are provided with a shoulder that prevents penetration beyond 1.1 mm., and are 
available in 1% mm., 4.5, 4.6, 5.5, 5.6, 6.5, 6.6, mm. diameters. 


Trephine, case, and two 144 mm. blades 


PARSONS OPTICAL LABORATORIES, INC. 
518 Powell Street San Francisco 2, Calif. 


YT, Distinct Shades | 
Plus 


SUN Gradient 


Bausch & Lomb Density 
Quality 
Controlled 
hem. 
to Finish 
Available Optical 
in Factory ends 
18 So. Mi Ave. 
Assembled Presovgftion 
“in Principal 
eee Midwestern Cities 


P.S. Uniform Density for your heavy plus and minus in single vision and Panoptik prescriptions. 
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Winnett Optical Co., $16 Commonwealth Ave., Boston, Mass. announces: 


AND SMELLER CHARTS 


Dials are made of flat white, poreclain enameled, sheet steel. Lines are slots opening 
into a black box 1” deep. Whitest white and blackest black. 


Snellen characters (over 200) are carefully drawn to scale, after John Green, Sr., 
each line 20% smaller than line above. Important for the Fogging Method. 


Booklet by Dr. Lancaster, 40 pages, giving very detailed instructions on use of dials 
and charts. 
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Enlarged to show mesh 


THE NEW 
CUTLER-HAMBLIN 
ALL TANTALUM 
IMPLANT 


The latest Cutler Implant for use in enucleations, re-implanta- 
tions and eviscero-enucleations is described by Dr. Norman Cutler 
in the February, 1949 issue of the American Journal of Ophthal- 
mology in which he mentions the objectives to be strived for in 
an ideal implant and prosthesis. 

Hamblin’s model illustrated herewith is made entirely of 
Tantalum (a completely inert metal) thereby overcoming the 
many disadvantages of one made wholly or partly of Plastic. The 
total weight is 4.5 grammes. 


Exact site 


As will be seen in the illustrations, it consists of a ball measuring 17.5 mm. in diameter and 
15.5 mm. deep. On the anterior surface is a raised area 12 mm. in diameter and | mm. deep, 
which makes the anterior-posterior length 16.5 mm. The implant is made purposely this size 
to replace the amount of volume necessarily lost in the removal of the globe and to provide the 
normal centre of rotation for the prosthesis. 

The anterior convex surface of the implant is covered with a fine mesh of tantalum wire behind 
which is a space sufficient to permit the easy passage of curved suture needles. The adoption of 
the mesh is the chief feature of the new implant, and the enlarged picture shows the formation 


of this mesh, which not only offers a larger area for THEODORE HAMBLIN. Ltd 
DISPENSING OPTICIANS 
MAKERS OF OPHTHALMIC INSTRUMENTS 
15 WIGMORE STREET 
LONDON W. 1, ENGLAND 


fixation of tissue to the implant but also makes for 
simplicity in the operation of suturing and more 
certainty in the fixation. 


Price $26.60 
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The ALLEN IMPLANT 


® Completely Covered with Tenon’s and 
Conjunctiva. 
® Excellent Motility of Prosthesis. 
* Achieves Normal Appearance of Lids 
A Copy of Folder Describing the Surgical 
Technique Will Be Sent Upon Request 


PRECISION-COSMET COMPANY, Inc. 


Makers of Fine Ocular Prostheses and Contact Lenses 
234 Hennepin Avenue 
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POSTGRADUATE CONFERENCE IN OPHTHALMOLOGY, UNIVERSITY 
OF MICHIGAN MEDICAL SCHOOL—The Department of Postgraduate Medicine of 
the University of Michigan Medical School announces the annual conference in Ophthalmology 
for qualified physicians, April 24, 25 and 26, 1950, to be given at the Horace H. Rackham 
Graduate School Building, Ann Arbor, Michigan, under the direction of the Department of 
Ophthalmology, at the University of Michigan. Guest Lecturers: Dr. John B. Hitz, Milwaukee; 
Dr. Herman Elwyn, New York City; Dr. Albert E. Sloane, Boston; Dr. Paul L. Cusick, De 
troit; and Dr. Kenneth C. Swan, Portland. Resident Lecturers: Dr. F. Bruce Fralick, Dr. 
Harold F. Fails, Dr. John W. Henderson. 


Complete program and details will be mailed upon request addressed to Dr Howard H. 
Cummings, Chairman, Department of Postgraduate Medicine, University Hospital, Ann Arbor, 


Michigan. 


HARVARD MEDICAL SCHOOL 


Courses for Graduates 


OPHTHALMOLOGY 


Basic Sciences in Ophthalmology 
September 25-December 16, 1950 


Clinical Ophthalmology and Ocular Pathology 
Januaty 2-February 3, 1951 


Fundamentals in Refraction and 
Ocular Motility 
February 5-March 3, 195! 


Apply to 


Assistant Dean, Courses for Graduates 
Harvard Medical School, Boston 15, Massachusetts 
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| ] 
| THE BRITISH JOURNAL OF 


OPHTHALMOLOGY, LIMITED. 


(Incorporated under the Companies Acts, 1908 and 1913.) 


CAPITAL £5,000 
Divided into 1,000 Ordinary Shares of £5 each. 


Managing Directors: 
A. HAROLD LEVY (Chairman) 
A. J. B. GOLDSMITH 


Directors: 

J. D. M. Cardell F. A. Juler 
R. C. Davenport F. W. Law 
P. S. Doyne H. B. Stallard 
Sir Stewart Duke-Elder 


Bankers: 
Lloyds Bank, Ltd., 18, Wigmore Street, W.1 


Solicitor: 
Leonard Tubbs, M.A., Friars House, 39-40-41, New Broad Street, E.C.2 


Secretary and Regisiered Offices: 
A. E. Ayling, Friars House, 39-40-41, New Broad Street, E.C.2 


The Company was formed in 1916 with the object of establishing a representative Journal 
of Ophthalmology for the British Empire. For this purpose the Company has incorporated 
the three existing Ophthalmic publications known as 


The Royal London Ophthalmic Hospital Reports, The Ophthalmic Review, and The 
Ophthalmoscope. 
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The Belgard Lenscorometer 


originated by Austin Beigord 


measuring 
vortex 


distance 


Use of Lenscorometer in all cases of 
\phakia and corrections of four diopters Can be used with the Stereocampimeter, Syn- 
or more—a necessity to insure true trans- —optoscope, Rotoscope and similar instruments ; 
lation of prescription. also with regular stereoscope. For adults and 


children. 
Each $11.75 Set $4.75 


SIMPLIFIED ASTIGMOMETER 


(Lebensohn) 


PLASTIC 
WASHABLE 
“NO COMPUTATION REQUIRED” 


Send for Literature 


EACH $9.75 


1344” 14”) 


OPTICIANS, inc. 


Medical Center Office: 109 N. Wabash, at Washington 
1908 Ogden Avenue at Wolcott. 9th Floor STate 2-5362 


Stereoscopic Cards 
by GUIBOR 
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The advantages embodied in the unique 
design of AO’s Stone Implant can now be 

here are told in terms of the successful results in 
numerous operations at the Massachusetts 
Eye and Ear Infirmary. 


Neck of the implant is cut back so that the conjunc- 
tiva can be drawn around it with a purse string suture. 
Overhanging lip of posterior portion protects conjunc- 


a dl y a fl t a e S tiva from irritating pressure when eye portion is inserted. 
INCREASED LATERAL MOVEMENT AWAY 


FROM NASAL BRIDGE. 


Wide neck and lateral bulge on the implant body 

in terms of mean that conjunctiva does not have to be pulled so 
far up over implant, thus a deeper lateral fornix is left 

allowing the implant body a fuller opportunity for move- 


beneficial ment. Bulge also acts as a fulcrum over which the - 
weaker lateral muscle becomes more effective. S 
results LATERAL EDGE OF EYE PORTION IS NO LONGER EX- 


POSED WHEN MOVEMENT IS TOWARD BRIDGE. 


The increased lateral sack of the conjunctiva— 
achieved because conjunctiva is not drawn up so far 


around the Stone Implant as in other implants—pro- . 
with the vides all the space needed to contain lateral edge of " 
the prothesis at all times. x 
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Instruments on this page, as used by Ramon Castroviejo, 
M.D., for corneal transplantation, are the correct patterns, 
properly made, with that precise delicacy and balance 
wrought by the careful hand workmanship of our experi- 
enced instrument makers. (Descriptive folder sent on re- 
quest.) These and other fine instruments, standard and 
special, for all types of ocular surgery, are manufactured 
and sold by V. Mueller and Co. . . Instrument Makers tothe 
Profession Since 1895 .. 408 S. Honore St., Chicago 12, Ill. 
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More than a 
Surgical Strand... 
IT’S A D&G EYE SUTURE 


As surgical research becomes more specialized, Davis & Geck 
provides sutures to meet the specific requirements of new and 
improved surgical techniques. Through close collaboration with 
eminent authorities in ophthalmologic surgery, a complete selec- 
tion of double and single armed sutures for various types of eye 
surgery have been developed at D&G. Made of Anacap black 
silk, plain and chromic catgut, D&G Eye Sutures are equipped 
with Atraumatic needles especially designed for use in corneal 
transplant and in muscle, cataract, and eyelid surgery as well as 
suturing of the canthal ligament, and are particularly adaptable to 
many of the classic techniques. The booklet “D&G Eye Sutures”, 
recently revised and brought up to date, is available on request. 


Del Sutures < 


“This One Thing We Do” ~— 


& are obtainable through responsible dealers everywhere 


DAVIS & GECK, INC., 57 WILLOUGHBY ST., BROOKLYN 1, N. Y. 
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The Eye-Bank for Sight Restoration, 
Inc., now completing its fourth year, was 
established primarily to provide a constant 
supply of suitable eyes to qualified surgeons 
capable of performing the corneal grafting 
operation wherever and whenever needed. 
The supply, though not adequate, has al- 
ready exceeded 1,200 eyes which have been 
received and supplied free of charge to the 
surgeon. 

The Eye-Bank staff has taught the tech- 
nique of the operation to many young oph- 
thalmologists who came here on fellowships 
upon discharge from military service. It 
will continue to offer courses in technique 
to surgeons who need and seek them. In 
addition, experimental work related to cor- 
neal surgery, both of a clinical and of a 


FOREWORD 


R. Towntey Paton, M.D. 
New York 


more basic interest, has been conducted by 
the Eye-Bank throughout these four years. 
A concentrated effort, such as here en- 
visioned, to study blindness as a result of 
damage to the cornea growing out of injury 
or disease has never before been attempted. 
Because of the increasing interest in this 
subject and the advances which have been 
made in corneal surgery, this International 
Symposium has been organized in the con- 
viction that an exchange of knowledge on 
research problems involved in keratoplasty 
by those working in this field will advance 
the service of ophthalmology in the allevia- 
tion of blindness throughout the world. 


Grateful acknowledgement is expressed to Mrs. 
Aida Breckinridge, executive director of the Eye- 
Bank, for her efforts in making possible the Inter- 
national Symposium on Corneal Surgery. 


CORNEAL TRANSPLANTATION: A HISTORICAL REVIEW 


R. Towntey Paton, M.D. 


Time is too limited to give a complete 
historical review of corneal transplantation 
but it may be of interest to touch upon some 
of the highlights in the history of its de- 
velopment. 

The earliest attempt to construct an arti- 
ficial cornea, substitute a scarred cornea, 
was made in 1789 by Pellier de Quengsy, 
who suggested to the Montpellier faculty 


New York 


that a piece of glass similar to the crystal on 
a watch be introduced after removal of com- 
pletely opaque leukoma. Thus was born the 
idea of creating an artificial cornea; an idea 
that was not destined to meet with success, 
although experiments in this direction are 
still being made in our day. 

In 1814, Autenrieth suggested replacing 
the opaque cornea by an artificial pupil 


- 
i 
peer 
ray 1 
5 
My 
| 
> 
| 
| 


4 


opening in the sclera of the eye. An artificial 
pupil seemed to be much more practical 
than keratoplasty. There were repeated at- 
tempts to restore the function of sight by 
opening a window in the sclera (Schmidt, 
1814; Beer, 1814; Himly, 1818; Gertner, 
1817; Riecke, 1823; and others). However, 
none of these operations appeared to be 
successful, for the scleral aperture was soon 
closed by the formation of a membrane. 

The real origin of keratoplasty can be 
traced back to Meissner’s idea of closing the 
scleral window with a transplanted animal 
cornea. All attempts in this direction proved 
unsuccessful, however, and in his dissertation 
on the formation of an artificial pupil in the 
sclera in 1823, Meissner reported unfavor- 
ably on the possibility of transplanting the 
cornea. 

The failure of Meissner’s attempts led to 
the thought of other possibilities, among 
which, naturally, was that of transplanting 
the cornea, not to the scleral opening, but 
in place of the removed levkoma itself. 

Reisinger is usually given credit for this, 
although priority was disputed by Himly 
“LT was the first to suggest in 
my lectures vears ago the replacement of 
transplant 


who wrote: 


an opaque cornea by foreign 
cornea; and am therefore surprised that my 
pupil and friend, Reisinger, who heard me 
express this idea in 1813, should claim it 
as his own in 1818. My experiments of 
transplanting the cornea of a rabbit to the 
eye of another rabbit, and from a rabbit to 
a cat, were successful in so far as the trans- 
plants ‘took’; however, they became opaque 
in from three to four weeks.” 

Be this as it may, Reisinger attempted the 
almost complete rabbit's 
cornea, leaving it only attached by a thin 
pedicle. He obtained good healing, but the 
cornea became opaque. After this, Reisinger 


resection of a 


performed total resections of the cornea, and 
then put the latter back in place, without any 
the cornea took well, but lost. its 
Reisinger named this opera- 


sutures ; 
transparency 
tion “keratoplasty.” 
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Reisinger’s work, reported in 1824, failed 
to attract the attention it merited, and was 
not favorably received. The general attitude 
toward keratoplasty in those days was well 
expressed by Dieffenbach who, in 1831, 
made the following statement: “Reisinger’s 
idea of replacing an opaque human cornea 
by the cornea of an animal was one of the 
most daring fantasies if this operation could 
be successful. This would be in itself the 
highest recompense.” 

There were many experiments carried on 
between 1833 and 1836. It was Stilling who 
in that year suggested transplanting, not 
the entire cornea, but only a piece of it, 
corresponding to the pupil in size. He ad- 
vocated fitting the transplant to the exact 
size of the window so as to prevent the 
escape of the aqueous humor, and also sug- 
gested that it be drained by creating a fistula 
in the lower part of the limbus. 

Koenigshoefer suggested the use of a 
double-bladed knife 


together) for 


knives 
thus, 
the 


(two Beer's 


joined keratoplasty ; 
transplants and windows of exactly 
same size could be obtained. He was also the 
first to attempt using a cadaver transplant 

Strauch apparently was the first Russian 
physician to do experimental keratoplasty, 
in 1841. Strauch operated on rabbits and 
obtained good results, but he did not follow- 
up the animals for sufficiently long periods 

In that same year, Markus published the 
results of his experiments in transplantation 
of the cornea. He was the first to formu 
late the conditions necessary for a successful 
operation. An excellent may be 
found in the American Encyclopedia of 
Ophthalmology. 

Steinberg, in 1843, proposed a trephine- 


account 


shaped instrument, eight mm. in diameter, 
fitted with four spears that (in his opinion) 
would give exact coincidence in shape and 
size between transplant and window. This 
instrument was rather complicated and its 


use demanded considerable dexterity, but 
the inventor claimed that the spears pene- 
trated well into the cornea, thus immobiliz- 


ing the eyeball, and that the incisions they 
left facilitated suturing. Steinberg excised 
the transplant with his instrument, then, 
placing the fragment on a cork-plate, drew 
four sutures through it. The window in the 
host's cornea was next excised, and the 
transplant placed into the window, the su- 
tures in it being easily passed through the 
incisions left by the blades and tied. Stein- 
berg used this method in operating on 12 
rabbits, but only obtained healing in one 
case ; even this transplant became opaque. 

In 1877, Von Hippel published his work 
entitled “On the operative treatment of total 
leukomas.” He advanced the technique of 
keratoplasty considerably, and his trephine 
is still in use today. Because of Von Hip- 
pel's trephine, partial transplantation became 
used more and more widely, and gradually 
began to take the place of total transplanta- 
tion. He experimented with both the pene- 
trating and nonpenetrating types of trans- 
plantation. He performed many operations 
on humans, using both the heteroplasty and 
homoplasty methods, but the successful cases 
were usually those in which he used non- 
penetrating keratoplasty. The transplanted 
cornea retained transparency in some cases 
for weeks, in others for months, and the 
vision of many patients improved to being 
able to distinguish large objects, and to ori- 
entate themselves in space. Von Hippel con- 
sidered keratoplasty to be a not-at-all dan- 
gerous operation and recommended its use 
in all cases of total leukoma. 

From then until 1907, numerous experi- 
ments were made and many successful and 
unsuccessful cases were reported. It was 
in 1907 that Zirm, the Austrian physician, 
reported his famous case on which he had 
operated in 1905, and which was to receive 
world-wide attention. 

Zirm had operated on both eyes of a man 
with leukomas caused by lime burn; he per- 
formed transplantations, using the partial 
penetrating method and utilizing the cornea 
from the enucleated eye of an 11-year-old 
boy. Soon after the operation, the right eye 
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was lost because of secondary glaucoma, but 
the transplant in the left eye remained 
smooth and transparent, with vision of 0.1. 
Thus the patient could read and write again. 
Unfortunately, the patient died three years 
later from an accidental infection. 

After Zirm, many research workers de 
voted themselves to kertoplasty with re 
newed interest. 

Perhaps the best known and remembered 
work of this period is that of Elschnig of 
Prague, who began to use keratoplasty ex 
tensively from 1908 on. From 1908 to 1930, 
203 corneal transplantations were performed 
at the Prague Clinic, the average incidence 
of transparent healing being 20 percent. In 
leukomas following interstitial keratitis, the 
percentage of transparent takes was 73 per 
cent. 

However, even in the hands of Elschnig, 
the percentage of complications was fairly 
high. According to Elschnig’s figures, the 
transplant was lost in 22 cases out of 139. 
In 1914 Elschnig demonstrated a number of 
patients with transplants that had remained 
transparent over a long period of time. 

It is not exactly clear as to when Filatov 
started performing keratoplasties, but in 
1922 he published some good results. In 
1938, his clinic had done 436 transplanta- 
tions of the cornea. In most of these cases, 
eyes from living subjects were used; sub- 
sequently, however, it is reported that he 
preferred using the eyes of cadavers. Filatov 
made several important contributions to this 
field of surgery. He perfected the spatula 
to be used to prevent any injury to the lens 
or prolapse of the vitreous during the opera- 
tion. 

Those interested in this field of surgery 
are well acquainted with the present trends, 
Perhaps the most interesting development, 
and in this country the least known, is the 
use of the nonpenetrating corneal transplant 
for therapeutic purposes, The French school 
of surgeons has been largely responsible for 
this development. Up-to-date statistics are 
meager, but the results are encouraging. 
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TECHNIQUE OF PENETRATING KERATOPLASTY 


J. I. Barraguer, Jr, M.D. 
Barcelona, Spain 


Excepting the complications which result 
when a contraindicated keratoplasty is per- 
formed and those arising in the cases al- 
ready classified as unfavorable, postopera- 
tive complications are usually due to poor 
coaptation of the graft caused by (1) de- 


fective cut resulting in the irregular shape 


of the trephination or the graft; (2) faulty 


A 


Fig. 1. (Barraquer). (A) Defective coaptation 
because of oblique cut. (B) Displacement of graft 
(shown in A) is favored by normal intraocular 
pressure and oblique cut when the fixation is no 
longer effective. 


fixation; and (3) differences in thickness 
between the two corneas. 

Among the postoperative complications 
which may be encountered are: (1) Dis- 
placement of the graft, (2) infection, (3) 
edema, (4) delay in the formation of the 
anterior chamber, (5) anterior synechias, 
(6) iris prolapse, (7) hypotrophy, (8) hy- 
pertension, (9) keratitis, (10) hemorrhage, 


(11) iridocyclitis, (12) vascularization, and 
(13) dystrophia. 

Proper coaptation of the graft is a factor 
of main importance in averting the first 
eight of these complications; it is not so 
significant in cases of postoperative kera- 
titis, hemorrhage, iridocyclitis, vasculariza- 
tion, and dystrophia. 


COMPLICATIONS OF DEFECTIVE COAPTATION 


Although it is the purpose of this paper 
to discuss the role of defective coaptation 
in producing postoperative complications, 
it must be remembered that causes other 
than the one mentioned may have played 
some part. 

1. Displacement of the graft. This may 
assume three forms: (a) The graft may fall 
into the anterior chamber; (b) it may fall 
to the bottom of the conjunctival sac; or 
(c) ectasia of a part or the entire perimeter 
of the graft may occur. 

Excluding cases of violent traumatism, 
efficient fixation of the graft will avert 
these mechanical accidents. Some ectasias 
may be the result of double mechanical 
errors—insufficient fixation and an oblique 
cut of the graft or of the trephination 
(fig. 1). 

2. Infection. Defective closure of the an- 
terior chamber due to faulty coaptation of 
the graft favors infection. When irregular 
cuts are made, the traumatism is greater 
and, therefore, the number of dead cellular 
elements is also greater, 

Secondary infection also results from 
gaps in wounds, and these gaps are more 
easily produced if the coaptation and fixa- 
tion are not perfect. 

3. Edema. All authors agree on the im- 
portance of imbibition by the tears or aque- 
ous humor in the etiology of this complica- 
tion. The more perfect the coaptation of the 
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graft, the less frequent and intense will be 
the complication of edema. 

#. Delay in the formation of the anterior 
chamber. The role of proper coaptation and 
fixation in this complication is quite evi- 
dent. If coaptation is defective, the wound 
remains open at some point which allows 
the flux of aqueous humor. If any residue, 
such as Descemet’s membrane, cotton fiber, 
and so forth, is interposed between the lips 
of the wound, the result is the same. 

Insufficient fixation may cause intermit- 
tent gaping of the wound, with consequent 
intermittent loss of the anterior chamber 
which is evidenced by crises of tear shed- 
ding, followed soxnetimes by photopsias, 
each time the intraocular tension reaches its 
normal limit. Fixation in these instances is 
not capable of keeping the graft in place. 

5. Anterior synechias. This, one of the 
complications most to be feared, is a con- 
sequence of delay in the formation of the 
anterior chamber or a traumatic gap of the 
wound. Many opacifications of the graft 
and a large number of postoperative glau- 
comas are due to anterior synechias. A good 
cut and fixation constitute the most effec- 
tive prophylaxis. 

6. Iris prolapse. This complication, which 
has the same etiology as those previously 
mentioned, fortunately is quite uncommon 
for its consequences are serious. 

7. Hypotrophy. The French-Swiss school 
classifies the opacifications of the graft into 
two large groups: 1. Opacifications of evi- 
dent origin. 2. Opacifications with no evi- 
dent cause or illness of the graft. 

Personally, and because of considering 
the term as more didactic and especially 
more suitable to the needs of the clinic, I 
have preferred to give the name of hypo- 
trophy to the group of opacifications in- 
cluded in the term illness of the graft. This 
term also indicates the pathogenesis of the 
alteration in transparency. 

The loss of transparency through hypo- 
trophy starts approximately 20 days after 
operation or later. Only as an exception 


does it occur earlier because for about three 
weeks, the graft maintains its transparency 
at its own expense 

It is during this period of transition, 
when the metabolism of the graft becomes 
entirely dependent upon the bed and when 
the nutrition is insufficient, that a more or 
less intense hypotrophy may appear more 
or less rapidly. 

Generally, this complication begins with a 
diffused turbidity that is a little more ac- 
centuated in the center of the graft which 
is edematous. Slitlamp examination shows 
an enlarged cornea that may attain a thick- 
ness two or three times greater than normal, 
or even more, especially in the center. The 
epithelium shows some vesicles and has an 
unglazed appearance; it is missing at cer- 
tain points which stain well with fluores- 
cein, 

Besides the edema, the tissue itself shows 
more intense foci of opacification which are 
irregularly distributed and which are lo- 
cated on different planes. Generally, the 
periphery is more transparent. On the other 
hand, it is not exceptional to find a per- 
fectly transparent zone of from 0.5 to 1.0 
in the entire circumference. 
shows 


mm. 

Descemet’s membrane folds in 
various directions. These folds frequently 
constitute the first indication that there is a 
deficiency in nutrition and that the host is 
not in a condition to maintain the normal 
metabolism of the graft. 

The graft may not receive a sufficient quan- 
tity of the elements necessary for its metab- 
olism because of: (1) The nature of the 
corneal disease, (2) profound uveal dis- 
turbance, (3) disturbance of the precorneal 
lacrimal film, (4) thinness of the receiving 
cornea or excessive thickness of the graft 
in nonpenetrating keratoplasty; (5) faulty 
coaptation of the border of the wound, or 
frequent gaping, which determines a sec- 
ondary cicatrization with neoformation of 
conjunctival tissue, improper for the bio- 
logic interchange; (6) displacement of the 
graft. 
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| have explained in other reports the 
clinical and anatomicopathologic basis of 
this conception. However, considering ex- 
clusively the complications produced or 
favored by a defect of coaptation or fixa- 
tion of the graft, it will be seen that the last 
three causes of hypotrophy are exclusively 
due to it. 

In penetrating keratoplasty, it is essential 
to place the graft in a cornea of normal 
thickness or one which has previously been 
made normal. In nonpenetrating kerato- 
plasty, the hypotrophy is more uncommon. 
| have seen it only in cases of an ex- 
ceedingly thick graft and, even in such case, 
the hypotrophy is limited to the zone of 
maximum protrusion. In these cases the 
symptoms are characteristic but their ap- 
pearance is much more tardy. 

In partial displacements of the grafts 
symptoms of hypotrophy may appear in the 
ectatic zone, 

& Hypertension. This complication may 
be due to faulty coaptation or insufficient 
fixation. A delay in the formation of the an- 
terior chamber may favor the appearance of 
an iridocyclitis with hypersecretion, which 
will produce hypertension as soon as the 
fistula has healed. 

It is not necessary to point to the im- 
portance of anterior synechias in causing 
hypertension, and their relation to coapta- 
tion and fixation has already been men- 
tioned. 

After experience with a number of the 
surgical techniques employed in penetrating 
keratoplasty and careful study of the post- 
operative progress of each, comparing their 
results, I have reached the conclusion that 
most of the postoperative complications 
which cause a delay in the normal healing 
process or even the tailure of the operation 
are directly imputable to defective coapta- 
tion of the graft. 

By using the technique about to be de- 
scribed, I have obtained most satisfactory 
results and have had almost no postopera- 
tive complications, 


J. BARRAQUER, IR. 


DESCRIPTION OF TECHNIQUE 

It must be borne in mind that: 

1. Penetrating keratoplasty for sight res- 
toration must be performed as an exclusive 
surgical act during which no manipulations 
other than those strictly necessary for re- 
placing the pathologic cornea with the graft 
ought to be undertaken. 

2. The operation must be carried out in 
an eye absolutely free from any active im 
flammation, with a cornea of normal thick 
ness in the region which borders the graft, 
and with a normal or normalized anterior 
chamber and ocular tension. 

3. Any intervention necessary to estab- 
lish the aforementioned preoperative condi 
tions (nonpenetrating keratoplasty, synechi 
otomy, cyclodialysis, iridectomy, and so 
forth) has to be executed beforehand; no 
graft should be implanted while there is still 
the least reaction. 


SIZE OF GRAFT 


Prior to any transplantation procedure, 
the most suitable size for the graft should 
be determined. Small grafts (4 mm. or 
less) are of little use and show a tendency 
to invasion by the host. Large grafts (over 
6.5 mm.) may create postoperative disturb- 
ances, Grafts varying in size between 5.0 
mm. and 6.5 mm. are to be preferred, but 
the most suitable size has to be determined 
for each individual case, keeping in mind: 

1. The graft must be absolutely centered 
with the pupil. 

2. The graft has to border on cornea of 
normal thickness. 

Respecting these principles, our prefer- 
ence is for trephinations of from 5.0 to 5.5 
mm. and in most cases, these will suffice. 
If, however, 5.0 to 5.5-mm. trephinations do 
not extirpate the greatest part of the patho- 
logic cornea, trephines of 6.0 or 6.5 mm. 
may be used, but it would be imprudent to 
use still larger sizes. If the nature of the 
lesions makes failure to be feared, the wise 
procedure is to improve the ground by per- 
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forming a nonpenetrating keratoplasty. 
Much attention has to be paid to the 
thickness of host cornea bordering on the 
graft, for this, too, determines the diameter 
of the trephination. A graft on a thicker or 
thinner cornea will most probably fail. Gen- 


Fig. 2 (Barraquer). (1) 
thickness (correct). (11) A 60-mm 
(wrong) 
penetrating keratoplasty 
in an instance such as shown in (I1) 


a superficial keratoplasty has to be per- 
formed to thin out and, at the same time, im- 
prove the bed. Such a procedure is superior 
to a keratectomy because healing is more 
rapid and the results are better (fig. 2). 
Usually, we make use of round grafts of 


4 6.0-mm. trephiration allows one to make a section in cornea of normal 
trephination (A) would lead to a section in thinned-out cornea 
An 8.0-mm. trephination would effect it in normal thickness (B), but that size is dangerous in 
(IIL) Shows the dimensions of a nonpenetrating keratoplasty to be performed 
(IV) The cornea having attained its normal thickness, a penetrating 


operation of adequate size can be carried out in all security. 


erally speaking, this condition prevails in 
those cases in which sight is still present 
before operation. Corneas are usually thin 
ner in the center, and it is necessary to per- 
form the section in normal 
thickness. When trephinations of the pre- 
attained, a 
be- 


a cornea of 


ferred dimensions cannot be 


previous nonpenetrating keratoplasty 
comes necessary to normalize the thickness 
and secure good nutrition for the graft. If 


the cornea is very thick (total leukomas), 


a size similar to that of the resection; only 
in myopic eyes or in eyes with corneal 
ectasia is it preferable to use a graft smaller 
by 0.1 mm. in order to reduce the corneal 
curvature and at the same time improve the 
ametropia. 


OPERATING PROCEDURE 


Operating while the pupil is kept in mio 
sis with eserine has the follow advantages : 
(1) Permits more perfect centering of the 
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graft with the pupil; (2) greater cleanness 
of trephination because of better visibility 
of the chamber depth ; (3) better protection 
of the lens and better visibility, if the 
trephination must be completed with a dif- 
ferent instrument; (4) less danger of an- 
terior synechias being formed, particularly 
sphincteric ones which occur most fre- 
quently and are most noxious; (5) not all 
pupils can be dilated to the utmost; (6) 
there is no possibility for the pupil to con- 
tract when the anterior chamber is opened. 

When the patient comes into the operat- 
ing theater, the pupil is miotic (eserine) 


Fig. 3 (Barraquer). Fixation of the eyeball with 
the Barraquer-Lloveras forceps during the trephi- 
nation to prevent it from rotating. 


and the cornea and conjunctiva have been 
anesthetized by instillation of a four-per- 
cent cocaine collyrium with adrenalin every 
five minutes until the moment when trephi- 
nation begins. 

The operating sequence is: (1) akinesia 
of the orbicularis; (2) retrobulbar injec- 
tion; (3) trephination; (4) obtaining the 
graft; (5) placing the graft; (6) suturing. 

1, Akinesia of the obicularis. This may 
be brought about by means of any preferred 
technique (Van Lint, Villard, Barraquer, 
O’Brien, and so forth). 

In the first two techniques, if the orbicu- 
laris does not respond promptly, a few 
drops of alcohol may be added to attain a 
concentration of 10 to 30 percent, according 
to each case, as well as to secure a greater 


postoperative quietude and better docility 
during the first dressings. As soon as 
akinesia is perfect, retrobulbar injection is 
performed. 
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Fig. 4 (Barraquer). Trephine (Barraquer) for 
penetrating keratoplasty and lamellar grafts. 
(A-H) Central punch. (C) Micrometric screw. 
(G) Internal butt, for limiting the depth of section 
in lamellar plasties and to protect the edge when 
the instrument is not in use. 


2. Retrobulbar injection consists of one 
cc. of novocain (two percent) with 0.0001 
suprarenine and 10-percent alcohol for sup- 
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pressing during the first days all axial re- 
flexes starting from the cornea. 

Stitches placed in the cornea act as for- 
eign bodies and provoke pain and ciliary re- 
actions. Very often the patient is obliged to 
move his eyes and to contract the orbicu- 
laris, thus causing gaps in the wound with 
corresponding delay in healing, as well as a 
flux of aqueous humor from the wound and 
danger of anterior synechias being formed. 


Franceschetti centrator in the shape of a 
horseshoe may be used, or else a ring with 
a handle, or, better still, a trephine similar 
to Paufique’s or the one I have invented 
(fig. 4) following like principles, It is pro- 
vided with a central pin (fig. 4-H) to be 
placed upon the cornea centered with the 
pupil, and the trephine glides over it (fig. 
5). 

The advantage of this trephine is that all 


Fig. 5 (Barraquer). The trephination is strictly centered with the pupil, the trephine gliding over 
the punch, which has previously been centered with the pupil 


Objective manifestations of such iridocil- 
iary reactions are slight palpebral edema, 
blepharospasm (photophobia), slight peri- 
keratic hyperemia, and difficulty in dilating 
the pupil 

In many 
containing 10-percent alcohol totally sup- 
presses such troubles. No higher concentra- 


a retrobulbar injection 


cases, 


tion can be recommended for surgical treat- 
ment because of the orbital edema which 
may accompany it. 

3. Trephination. While the eyelids are 
being held back by a lid retractor the trephi- 
nation should be effected two minutes after 
the retrobulbar injection. A longer delay 
would oblige operation on a hypotonic eye, 
thus endangering the uniformity of the sec- 
tion, 

During — the the 


trephination, eyeball 


should be immobilized with Barraquer- 


Lloveras forceps which entirely prevents it 


from rotating (fig. 3). For centering it, a 


be performed with one 
single instrument, without any necessity of 
withdrawing it after starting the section. It 


operations may 


is useful in penetrating keratoplasty, as well 
as in laminar interventions, for which pur- 
pose it is provided with a special butt (fig. 
4-G). 

If a good section is to be obtained, the 


Fig. 6 (Barraquer). The section is completed with 
scissors without stretching the cornea. 
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position of the trephine has to be absolutely 
vertical ; its rotating movements must be as 
ample as possible, while pressure is softly 
and uniformly brought to bear upon it (fig. 
5). 

Use of a four-mm. trephine effects a full 
trephination in nearly every case, without 
any risk to the lens. If a somewhat larger 
trephine is used, frequently the section will 
be incomplete and will have to be finished 
with some other instrument. A small knife 
may be used when the hinge is small; a pair 
of scissors when it is larger. After trying 
out several models of curved scissors espe 
cially made for this purpose, I prefer Cas 
troviejo’s scissors or, in the absence of 


Fig. 8 (Barraquer). Placing the graft. 
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Fig. 7 (Barraquer). Vessel (Barraquer) for preserving eyeballs in moist chamber. 


them, the Barraquer pincer-scissors which, 
althought straight, are very easy to handle 
(fig. 6). 

In no case must the cornea be stretched 
to complete the section. This would produce 
an irregular section of Descemet’s mem 
brane which is very elastic. 

As soon as the trephine is withdrawn, 
the graft should be prepared. Doing this 
will allow time for the retrobulbar injection 
to increase the hypotony of the eye. Al- 
though it is not convenient to section a hy- 
potonic eye with the trephine, hypotonicity 
represents a safety factor for the rest of the 
procedure, especially if the section has to 
be finished with the scissors. 

4. Obtaining the graft. We prefer adult 
cornea taken immediately after death and 


Fig. 9 (Barraquer). Greatly enlarged point of 
the needle (Barraquer) for corneal suture. The 
photograph shows only the anterior third of the 
needle, its total length being six mm. and its radius 
of curvature, five mm. 
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Fig. 10 (Barraquer). Placement of the first stitch 
of suture 


preserved for 12 to 36 hours in the ice-box, 
in moist air, at a temperature of 2°C. to 
4°C. (fig. 7). Preservation at that tempera 
ture brings about a loss of individuality in 


the tissue, making the graft more easily tol- 
erated. The graft has to be entirely carved 
out with the trephine and should be rejected 
if there is even the slightest irregularity. The 
graft is washed with physiologic saline solu- 


tion and handled by means of a Frances- 
chetti spatula. 

5. Placing the graft. With the forceps, the 
desiccated disc of the pathologic cornea is 
withdrawn (it has been left in the trephina- 


Fig. 12 ( Barraque r) 


Fig. 11 (Barraquer). Placement of the last stitch 
of suture. 


tion as an operculum), and the new cornea 
is carefully positioned (fig. 8). 

6. Suturing. Suturing the graft is the 
most important step in the operation for the 
success of the procedure depends almost en- 
tirely upon it. As has been discussed, most 
postoperative troubles are due to faulty or 
incorrect fixation. 

Direct suturing of the graft with fine silk 
extremely sharp five-mm. 


thread and 


_needles (fig. 9) (Grieshaber) with down- 


ward cutting edge (Barraquer) guarantees 
the best results. 
The graft, positioned in the recipient's 


The stitches must go through one half the thickness of the corneal parenchyma, 


and should be placed in a larger or smaller number according to the diameter of the transplantation and 


conditions of each case (at right) 
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trephination, is fixed by means of a Hess 
forceps so placed that only the anterior 
layers of the graft are taken up between 


the prongs. The suturing needle enters 


through the epithelial face of the graft, 


quite near the fixing point of the forceps, 
and goes out through the center of its thick- 
ness; it penetrates, exactly in front, into the 
surface of the host's section (figs. 10 and 
11). 

In the 5.0-mm. grafts, it is sufficient to 
suture two points at the extremities of the 


6- to 12-o’clock meridian. Grafts of 6.0 mm. 
need at least four stitches, if not more. 
Great care must be taken so that the 
points where the needle comes out of the 
graft and where it enters the host are situ- 


Fig. 13 (Barraquer). A case 
of keratoconus. Vision was 0.05, 
with correction Penetrating 
keratoplasty of 6.0 mm. resulted 
in vision of 0.6, with correction 
Note the almost complete ab- 
sence of limiting ring and of 
any trace of suture stitches 


ated exactly upon the same radius. If this is 
the 
graft would contribute to defective coapta- 
tron fistula of the 
with all the troubles which we are striving 
to avoid (fig. 12). 

The operation ends with careful irriga- 


not done, the resulting deformity in 


and anterior chamber, 
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Fig. 14 (Barraquer). Leukoma caused by rosaceous keratitis. Vision was 0.03. Penetrating keratoplasty 
of 5.0 mm. Postoperative vision was 0.3. 


tion of the bottom of the conjunctival sac 
with saline solution and instillation of an 
eserine collyrium and a few drops of peni- 
cillin solution. A binocular dressing is ap 
plied, with a protecting mask of fiber or 
cardboard as after cataract extractions, The 


patient must stay in bed for 12 days but, if 


the bed is a mechanical one, he may sit up 
whenever he likes. 

At the first dressing on the third or 
fourth day, an atropine collyrium (2.5 per- 
cent) is instilled. Further dressings are 
done every two or three days. On the fourth 
day, if indicated, a saline aperient or mild 
laxative may be prescribed. 

After 10 days, a monocular dressing is 
applied, and the patient may get up. The 


sutures are withdrawn in about 14 days. 
The dressing may be removed after 17 days 
in 5.0-mm. trephinations; after 20 days in 
6.0-mm. trephinations ; and after 22 days in 
trephinations of 6.5 mm. 

Mydriasis (never miosis) must be main- 
tained when the slightest reaction (hyper- 
emia or photophobia) is present. In cases of 
increased ocular tension, a cyclodialysis or 
an Elliot trephining operation may be per- 
formed. In such cases, mydriasis should be 
continued, 


CONCLUSION 


This technique, incomparably safer and 
more certain as to outcome than all other 
keratoplasty techniques employed at pres- 


Fig. 15 (Barraquer). Lewkoma caused by phlyctenular keratitis. Vision was 0.2. Penetrating keratoplasty 
of 6.0 mm. Postoperative vision was 0.7. 
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ent, is much more difficult to carry out as 
far as suturing is concerned. It is absolutely 
essential to operate im a dark room with 
good focal lighting limited to the operating 
field. The operator should be seated behind 
the patient's head, with his forearms sup- 
ported, and he should wear a binocular 
loupe. If any of these conditions are lack 
ing, or if the suturing needles are not ex 
tremely sharp, it is better to place a bridg 
ing suture, even though the results will be 


less certain 


Fig. 16 (Barraquer). Congenital edema of 
cornea. Vision was 003. Previous nonpenetrating 
keratoplasty of 80 mm. to improve the gt und 
Penetrating keratoplasty of 6.0 mm. Acceptable 
transparency for this disease. Postoperative vision 


was 0.15 


The excellent results obtained with this 
technique are shown by the high percentage 
of definite transparencies, by the absence of 
postoperative complications, and by the ab 
sence of a limiting ring. As far as I can 
judge, the presence of a limiting ring means 
simply a secondary cicatrization. It is not, 
however, the defense of the graft against 
its pathologic surroundings (figs. 13 to 16). 

By using this technique of penetrating 
keratoplasty, it 1s possible to make a more 


certain and favorable prognosis. 
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Dr. H. M. (New York): Dr. 


Barraquer has shown a very nice techmque 


KATZIN 


and has emphasized several points that we 
would all do well to note. The importance 
of coaptation of the wound margins cannot 
be overemphasized. The use of the specially 
made needles and trephines is a considera 
ble help in obtaining good surgical results. 
The use of alcohol for prolonged retrobul 
bar anesthesia is not a common practice in 
this country and certainly would be worth 
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THE COMPLICATIONS OF PENETRATING KERAT! PLASTY 


PREVENTION 


tarraquer that 


trying. We agree with Dr. 
adult corneas preserved at ice-box tempera 
ture for not more than three days is the best 
method we know of so far for preserving 
the graft. We have not used the direct su 
ture as a routine method in keratoplasty 
except whert very large grafts are used The 
postoperative instillation of eserme is also 
something we have not employed, but Dr 
Barraquer presents some convincing rea- 


sons for miosis. 


AND TREATMENT 


M.D 


Nantes, France 


G. P. 
In penetrating keratoplasty, the com- 
plications are very different in the easiest 


the American 


and in the cases of Groups 3 


cases Groups 1 and 2 of 
classification 
and 4, which we may call complicated cases. 

In the first two groups, the greater num 
arise from technical 


3 and 4, 


are generally respon 


ber of complications 


In Groups the original 


mistakes. 
lesions of the eyeball 


sible for these complications. 


1. EAsIesT CASES 


A. TECHNICAL ERRORS DURING THE OPERA 


TION 
1. Mistake in placing the graft is ver) 
frequent and has the greatest importance 
final 


sometimes possible to correct it by a con 


concerning the vision. Although it 1s 


tact glass, it very often makes a second 


keratoplasty necessary. It is avoidable only 
by good technique. 

a. When a mobile pupil permits it, the 
center should be marked during the miosis 
to make possible the use of Paufique's 
marking trephine during the operation. 


b. If posterior synechias or previous iri 


dectomy makes this too difficult, such rings 
as Lohlein’s or de Saint-Martin’s may be 
used during the operation, 

Fortunately, sufficient training usually 
makes it possible to avoid this mistake, but 
it is very important always to be very care- 
ful in placing the graft. 

2. Oblique resection of the cornea, This 
may cause displacement of the graft; and, 
in any event, it leaves too large and very 
unpleasant scars. 

In order to avoid this, it is of great im 
portance to obtain good fixation of the eye 
ball. After good akinesia of the four recti, 
stitches are placed in the internal and ex- 
ternal held 


assistant. With his left hand, the surgeon, 


recti and are firmly by an 
himself, holds the conjunctivo-episcleral tis 
sue with forceps placed a short distance 
from the limbus. Both the surgeon and the 
assistant should make certain that the direc 
tion of the trephine incision is exactly correct. 

It is 
tion of the graft itself 


much easier to obtain a good sec 
However, it seems 


important to place the donor eye flat on the 


table instead of having it in the hand. It is 
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also necessary, in order to avoid a crest 
graft, to exert a sufficient, but not too great, 
pressure with the fingers. 

3. Deficient cutting. A mistake of great 
importance in determining the final results 
is the deficient cutting of the deepest layers 
of the cornea, especially of the Descemet’s 
membrane. This cutting must be perfect for 
the graft as well as for the recipient eye. 

If a good section is to be made on the 
donor eye, a sharp trephine must be used. 
The instrument should be pushed quickly 
into the lens. The graft should be carefully 
washed in a penicillin solution to rid it of 
any particle of iris tissue. 

The resection of the host is more difficult 
because of the irregular thickness of the 
cornea and the risk of hurting the iris or the 
lens. 

In my own experience, the cutting of 
Descemet’s should always be 
done with scissors, especially in cases with 
flat anterior chambers, Sectioning with the 
trephine must be stopped as soon as the an- 
terior chamber is opened, the part of the 
cornea to be resected being firmly held with 
forceps on the border (and not with a 
stitch in the center). The scissors should be 
introduced under the cornea to get a mem- 
brane flap slightly larger than the section of 
the anterior layers. 

A poor section of Descemet’s membrane 
hinders correct placing of the graft and 
very often produces a dangerous prolifera- 
tion of the membrane on the posterior sur- 
face. The rest of the membrane must be 
carefully cut out, cither with scissors and 
forceps or with a special punch constructed 


membrane 


for that purpose. 

4. Misplacing the corneal stitches. What- 
ever kind of suture is used—continuous or 
discontinuous—(I generally prefer the lat- 
ter)—-they may be too superficial or pene- 
trate far into the 
Superficial stitches are not secure enough to 
keep the graft in the right place for a suf- 
ficient period. Penetrating stitches may com- 


too anterior chamber. 


plicate the operation. In such an event, it is 
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necessary to be very careful in the opening 
of the flat anterior chamber. If perforating 
sutures are overlooked, a delay in the re- 
forming of the anterior chamber will al- 
ways occur, with very dangerous adher- 
ences between graft and iris. 

Such technical mistakes can be prevented 
or easily corrected. It is not always the 
same with postoperative complications. 


PosTOPERATIVE COMPLICATIONS 


Some complications are the consequence 
of technical errors but, even in the easiest 
cases, a great many complications cannot be 
prevented, such as the insubordination of 
noncooperative patients. 

The most frequent among the many com- 
plications which are observed after a pene- 
trating keratoplasty are: (1) displacement 
of the graft, (2) deformity of the graft, 
(3) the adhesions between the graft and 
iris, and (4) secondary glaucoma. 

1. Displacement of the graft is very of- 
ten the consequence of an oblique resection, 
of remains of Descemet’s membrane, or of 
insufficient sutures. Even with correct 
technique, there is always a possibility of 
this complication in noncooperative, nerv- 
ous, too old, or too young patients. Nystag- 
mus can also be responsible. Here translid 
muscular sutures or alcoholization of the 
recti muscles may be of help. 

In an early displacement, correction may 
be possible. If it has remained clear, the 
graft may be put back in the right place 
and firmly held with edge to edge stitches. 
In some such cases, it has been possible for 
me to obtain very good results. Some- 
times new grafts, generally a little smaller 
than the first one, have to be used. It is al- 
ways dangerous to leave the hole wide open. 
The use of a conjunctival flap seems to me to 
be really unsuccessful for a functional re- 
covery. 

2. A deformity or abnormal thickness of 
the graft, although frequent, but less dan- 
gerous, will give very marked astigmatism 
with poor vision. It has been especially ob- 
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served when using grafts coming from too 
young donors, children and babies. I think 
the best donors are old people. 

This complication seems to be produced 
more often by retraction of the recipient 
cornea. After using for a long time the same 
size trephines to remove the grafts and to 
make their bed in the recipient cornea, I 
prefer nowadays to use different trephines 
—5.0 and 5.1 mm. and 6.0 and 6.1 mm.— 
the larger being reserved for the corneal re- 
section. 

Trephines with greater differences in size 
may be used. For keratoconus, 2 or 3 tenths 
of a millimeter, sometimes more, are useful 
because of the pathologic thinness of the tis- 
sue. In such cases the square transplanta- 
tion, which permits one to modify the size 
of the graft, is preferable. 

In treating conical deformities and modi- 
fications in a graft’s thickness, I prefer the 
technique of Dr. Fritz who, at the end of 
the operation, places a contact glass of de- 
termined curve directly upon the graft so that 
correct pressure is applied ‘pso facto. 

Much has been said abott the refusal of 
the recipient eye to accept the graft but I 
have never this complication. 
Since prevention is impossible, the only 
treatment would be a second keratoplasty. 

3. Adhesions between graft and the iris 
are the most frequent and, in my experi- 
ence, the most dangerous of all complica- 
tions of penetrating keratoplasty. 

A widely dilated pupil is certainly of 
major importance in avoiding this compli- 
cation. For that purpose, the use of atropine 
drops is not sufficient and dilatation should 
be increased by instillation, or subconjunc- 


observed 


tival injection, of a concentrated solution of 
adrenalin (two percent). This can be re- 
peated at the end of the operation. 

In some cases with previous iridectomy 
or posterior synechia, especially when large 


grafts (6.0 or 7.0 mm.) used, the 
sphincteric part of the iris remains opposite 
the place of trephination. When this occurs, 


miotic ointments (eserine, D.F.P.) can be 


are 


used. I think it is less dangerous to leave 
the flat part of the iris behind the graft 
rather than the sphincter itself. 

Every time the iris is touched, adhesions 
may be produced. Adhesions may also re- 
sult from hemorrhages from corneal ves- 
sels. Bleeding has to be carefully stopped. 
Every delay in reforming the anterior 
chamber is also dangerous. 

Any adhesion must be destroyed as 
quickly as possible. Sometimes mydriatic 
drops or ointments at the time of the first 
dressing may be sufficient. Generally an 
A very small 
synechia may be treated by a simple iridec- 
tomy. For wide synechia, Castroviejo’s cy- 
clodialysis technique must be used. In all 
such cases, operation should be performed 
at the end of the second week, Sometimes 


operation becomes necessary 


trauma causes the anterior chamber to re- 
open after the patient leaves the hospital 
and produces a late synechia, which can 
often be observed only after many weeks. 
In such cases, the circular or square inci- 
sion, described by Paufique, is the only 
way in which the entire synechia can be 
destroyed. 

It must be emphasized that every adhe- 
sion between the iris and the border of the 
graft disturbs the graft—and must be 
loosened. 

4. Secondary glaucoma seems more in- 
frequent after a penetrating than after a 
lamellar keratoplasty. In my opinion, it is 
generally an inflammation, really an iridic 
glaucoma, We can observe it especially in 
cases with severe alterations of the iris. 

The best means of prevention is certainly 
a previous iridectomy, about which we have 
often spoken. 

The treatment must be surgical—iriden- 
cleisis or sclerecto-iridectomy (Elliot's tech- 
nique) with total iridectomy. If frequent 
anterior synechias have to be destroyed, cy- 
clodialysis is indicated. It is sometimes pos- 
sible to get valuable results with flat cyclo- 
diathermy. 

Preventive or special surgical treatment 
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cannot avoid the “malady of the graft” 

late opacification without evident reason 

which Offret thinks is the result of the de- 
struction of donor keratoblasts. When not 
self-curable, one is obliged to perform a 
second keratoplasty that sometimes may be 
only lamellar and made in the neighborhood 
of the first penetrating graft. The first re- 
sults obtained with subconjunctival corneal 
implantation were unsatisfactory. Very of- 
ten a second penetrating keratoplasty had to 


be done 


2. COMPLICATED CASES 


The prognosis of penetrating kerato 
plasty is very different indeed in compli 
cated cases—very extensive vascularized 
leukomas, anterior synechias, conjunctival 
or palpebral alterations. 

The general rule is to do preliminary 
operations in order to prepare for kerato- 


plasty 


\. Very EXTENSIVE LEUKOMAS 


The extent of the leukoma is, in my opin- 
ion. not the most important factor in de 
termining success. I do not think that the 
cases “where the transplant will be sur 
rounded in more than one half of tts cir 
cumference by dense scar tissue” (Castro 
viejo) are always unfavorable cases The 
thickness of the leukoma 1s, to me, more 
important than its extent I have obtained 
very satisfactory and lasting results in post 
ulcerous leukomas, where the graft was 
placed in the midale of dense scar tissue, It 
i« however, true that total leukomas do not 
generally give good results In these cases, 
a previous total lamellar keratoplasty should 
be done In favor ible cases this will soon 


} 


provide very marked improvement of the 


scar. 


B. EXTENSIVE VASCULARIZATION 

This can really produce complications of 
the greatest importance 

In the case with a superficial layer ot 


vessels, the best measure of prevention 


seems to be not the keratectomy, but a total 
lamellar keratoplasty. Often new vessels 
will penetrate the graft, but they will gen- 
erally be less important. 

In cases with interstitial vascularization, 
the lamellar graft is, on the contrary, of 
very little value, During the operation we 
have to wait for the end of the hemorrhages. 
The anterior chamber must be carefully 
cleaned of any blood clot. In such cases, the 
results are very often good. 

However, a few days after the operation, 
some new vessels may sometimes be seen in 
the graft. Careful examination is, therefore, 
very important so that X-ray treatment can 
be given as soon as possible. The earlier 
X-ray treatment 1s started the better will be 
the results. The usual treatment consists 
in 50 r. A total of 200 r to 250 r may be 
sufficient to stop vascular invasion of the 


graft. 


C, ANTERIOR SYNECHIAS 


Attempts to eliminate anterior synechias 
must generally be made before the corneal 
transplant operation. 

In some cases, however, it has been pos- 
sible to obtain clear grafts without previous 
treatment of the synechias. A very good re- 
sult has persisted in such a case operated by 
Dr, Castroviejo last year during the meet- 
ing on keratoplasty in Nantes. 

Generally the anterior synechias are very 
important in the production of glaucoma or 
of adhesions of the iris to the graft, with 
very bad visual results. 

The prevention of such accidents re 
quires considerable effort. One of the best 
methods is certainly that recently described 
by Paufique: circular or square incision 
around the leukoma with a knife or a tre- 
phine. This method suffers the same com 
plications as the usual methods, but obtains 


more complete results. 


D. Lip DEFECTS 


These conditions must be carefully 
treated before keratoplasty and much time 
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must often elapse between treatment of the 
eyelids and the keratoplasty 


CONCLUSION 


Progress in the treatment of corneal scars 
has been very definite in the last five years 
Before that time, complications in kerato 
plasty did not seem to be due to technical 


mistakes, even in the easiest cases. Perhaps 
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such improvements have been made pos 
sible only by communication which, fortu- 
nately, is now easier between the great num- 
ber of surgeons working on corneal trans 
plantation. 

May all the subjects be as universally 
studied as keratoplasty, and may on the 
border of our common sea exist the friend 


ship possibilities which have already per 


“union of the graftists!” 


mitted us the 


James Roserts, M.D 


In the Manhattan Eye, Ear, and Throat 
Hospital at the present time, we are making 


a statistical study of keratoplasty. In order 
to eliminate the varying factor of surgical 
technique, only grafting operations done by 
Dr. R Paton—and 


only those operations done with the same or 


one surgeon Townley 
quite similar technique are considered in 
this report. 

The plan of this study has been to list 
consecutively, according to the date of the 
operation, the cases on large graph sheets 
The data from the histories and operative 
sheets have been summarized and the perti 
nent data have been written under the pa- 
tient’s name. From the files of the Eye-Bank 
laboratory complete data on the donor eyes 
have been obtained and added to the graph 
sheets. 

Only those cases that have been followed 
for four months or longer have been con 
sidered in this study. Any 
adequate follow-up information have been 


cases with in 
eliminated. 

For purposes of standardization and ac 
curate comparison, the material thus ob 
tained has been analyzed according to the 
criteria as set up by Owens and others’ un- 
der the sponsorship of the American Acad 


emy of Ophthalmology and Otolaryngology. 
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This report deals in part with the final 
results in 100 cases of partial penetrating 
keratoplasty. Only the clarity of the trans- 
planted corneal tissue will be discussed at 
this time. The correlation of the final visual 
acuity and refractive errors, as well as the 
study of donor material as it affects the 
final results, will be published elsewhere. 

In the group as a whole, 55 percent of the 
grafts remained clear and 45 percent be- 
came cloudy. Thus without selection of 
cases, there was better than one chance in two 
that the graft would remain clear. 

Table 1 indicates the relationship between 
the patient’s age and the final clarity of the 
graft. The youngest patient in our series was 
aged 17 years; the oldest 70 years. In the 21 
to 30-year age group, there were 18 clear 
grafts; only two were cloudy. However, the 


great majority of patients in this age group 


TABLE 1 
RELATIONSHIP OF AGE OF PATIENT 
TO FINAL RESULT 

Age Group Clear Cloudy Total 
10-20 2 3 5 
21-30 18 2 20 
31-40 7 10 17 
41-50 12 13 25 
51-60 9 12 
61-70 5 6 1 
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TABLE 2 


RELATIONSHIP OF DIAGNOSIS TO PER- 
CENTAGE OF CLEAR GRAFTS 


Clear 
, , No. of (followed four 
Diagnosis Cases months 
or longer) 
Conical cornea 20 85° 
Hereditary dystrophy 100% 
Scar luetic interstitial 
keratitis 12 50% 
Sear T.B. interstitial 
keratitis 3 0 
Sear nonspecific infam- 
matory 42 42.8% 
Scar chemical 6 0 
Scar traumatic x 50% 
Scar trachomatous 3 2 clear 
Fuch's dystrophy 3 0 
Mooren's ulcer 1 0 


were those with conical cornea. Therefore, 
there is no real relationship between the age 
of the patient and the final result. 


Table 2 deals with the relationship be- 
tween diagnosis and the percentage of clear 
graft. In eight cases of hereditary dystro- 
phy, all grafts have remained clear. In 20 
cases of conical cornea, 85 percent of the 
grafts have remained clear. In the largest 
group (those cases classified as scars due to 
nonspecific inflammatory conditions) 42.8 
percent of the grafts have remained clear. 
In two out of the three cases of scarring 
due to trachoma, the grafts remained clear. 
No improvement was seen in any cases of 
Fuchs's dystrophy, chemical burn, or tuber- 
culous interstitial keratitis. 

In Table 3, the preoperative size of the 
corneal opacity has been correlated with the 


TABLE 3 


RELATIONSHIP OF SIZE OF CORNEAL OPACITY 
TO PERCENTAGE OF CLEAR GRAFTS 


Clear Grafts 

No. of (followed four 
Cases months 
or longer) 


Size of Opacity 


None 1 0 

Central $5 74.3° 
One half or less 6 67°; 
Over one half 


JAMES E. ROBERTS 


final clarity of the graft. In those cases in 
which only central opacities were present, 
74.3 percent of the grafts remained clear. 
Close behind this group were those cases 
with opacities involving less than one half 
of the cornea with a final clarity of the grafts 
in 67 percent. When opacities involved over 
one half of the cornea, only 36 percent of 
the grafts remained clear. 

Table 4 shows the relationship between 
preoperative corneal vascularization and the 
percentage of clear grafts. Cases with no 
vascularization had by far the best percent- 
age of clear grafts; namely, 71.7 percent. 


TABLE 4 


RELATIONSHIP OF CORNEAL VASCULARIZATION 
TO PERCENTAGE OF CLEAR GRAFTS 


Clear Grafts 


months or longer) 
None 53 71.7% 
Slight 22 45.5% 
Moderate 22 22.7% 
Extensive 2 0 
TABLE 5 


RELATIONSHIP OF PROGNOSIS TO PER- 
CENTAGE OF CLEAR GRAFTS 


Clear Grafts 
No. of (followed four 


Prognosis Cases months 
or longer) 
Very good . 23 82.7% 
Less good 36 69.4% 
Unfavorable 32 31.3% 
Contraindicated 11 9.1% 


With slight vascularization, 45.5 percent of 
the grafts remained clear; and with mod- 
erate vascularization, only 22.7 percent re- 
mained clear. In two cases with extensive 
vessel in-growth, neither graft remained 
clear. 

Table 5 shows the relationship between 
prognosis and percentage of clear grafts. 
The cases in this selection have been 
grouped according to the criteria for prog- 
nosis described by Castroviejo.” Group | 
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contains those cases with a very good prog- 
nosis and includes patients with mild kera- 
toconus, slight central scarring, and mild 
interstitial keratitis. Out of the 23 cases in 
this group, 82.7 showed clear 
grafts. 

In Group 2 are the cases in which the 
prognosis was not so favorable—hereditary 
superficial corneal 


percent 


dystrophy, extensive 
opacities without vascularization, adherent 
leukoma, central descemetocele, and ex- 
tensive interstitial keratitis. Of the 36 cases 
in this group, 69.4 percent had clear grafts. 

Group 3, unfavorable for keratoplasty, 
includes cases of corneal scarring involving 
the limbic and pupillary portions of the 
cornea, extensive deep leukomas, band- 
shaped degenerations, and opacities with 
vascularized pannus. Of the 32 cases in this 
group a surprising number (31.3 percent) 


showed clear grafts. 
Group 4 includes cases in which kerato- 


plasty is contraindicated, such as Fuchs’s 
dystrophy, extensive opacification, calcar- 
eous degeneration, and eyes with massive 
anterior synechias. Of the 11 cases in this 
group, only 9 percent resulted in clear 
grafts. 

SUMMARY 

One hundred cases in which partial pene- 
trating keratoplasty was done by Dr. R. 
Townley Paton have been presented. With- 
out selection, in 55 percent of these cases 
the result was clear grafts; 45 percent 
ended with cloudy grafts. 

When there is proper selection of cases, 
a high percentage of clear grafts can be ob- 
tained. 

Cases most suitable for keratoplasty are 
those of conical cornea, small central opaci- 
ties, and mild keratitis. The 
larger the opacity, and the more extensive 
the preoperative corneal vascularization, the 
less chance there is for a final clear graft. 


interstitial 
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The lamellar corneal graft, in my opin 
ion, has three indications: (1) Optical, in 
the case of superficial lesions occupying 
only a part of the corneal thickness; (2) 
preparatory, in the case of serious lesions 
of the cornea with dense, highly vascular- 
ized leukomas, with a view to preparing the 
cornea for a perforating graft; (3) thera- 
for the treatment of 


peutic, that is to say, 
progressive corneal diseases 

The trophic action in keratoplasty is one 
of the most interesting phenomena observed 
after corneal grafting. Judging from the 
condition of the patient's eye 6 or 12 
months after the operation, the improve 
ment of the diseased cornea around the 
graft is such that, at times, an uninformed 


observer wonders whether the operation 


was really indicated 

Filatov is one observer who has laid par 
ticular emphasis on the remarkable trophic 
action of corneal grafting 

For the past 18 months, | have been 
practicing therapeutic lamellar grafting in 
diseases of the cornea. Some 40 cases have 
thus far been observed with results which, 
in my Opinion, are quite interesting 
vrafting may be 


Therapeutic lamellar 


performed either on the periphery of the 


cornea or in the center, according to the 


case and the size of the lesion, Such graft 


ing is indicated in all forms of chromic o1 


recurrent keratitis when (1) all the usual 


treatments give no results, (2) the center 


of the cornea is in danger, or (3) a perfora 
tion of the cornea is to be feared 

Best results have been obtained in kerati 
tis caused by a neurotropic virus, especially 


herpes simplex or zoster, in deep syphilitic 


or tubercular keratitis, or mm any keratitis 
of indefinite etiology 


| have operated upon certain cases of trau 


INDICATIONS FOR THE THERAPEUTI 
CORNEAL GRAFT 


Louts Paurigue, M.D. 


Lyon, France 
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matic keratitis, of postoperative dy strophic 
keratitis, and of ulcerative keratitis. In 
three cases, it was possible thus to stop a 
perforation of the cornea; in another, l 
was able to effect healing in a few days in 
an abscess of the cornea with hypopyon 
which had resisted both local and general 
treatment. 

Therapeutic lamellar grafting is an en- 
tirely safe operation. In one case out of 10 
I have had to perform a second graft to get 
some results. The lesions often show very 
fast improvement in 15 to 30 days. The 
pain stops, the inflammatory signs and ul 
cerations decrease, and there often is a very 
high clarification of the cornea, Eighty per 
cent of the cases have shown complete re 
covery, while the rest have shown improve 
ment. Never have I encountered any acci 
dents or anv aggravations of the disease. 

Such therapeutic grafting, therefore, is a 
primary indication for keratoplasty and is 
at least as useful as optical grafting, if not 
more so. It actually amounts to a preventive 
treatment of corneal blindness 

Filatov has especially recommended it in 
the treatment of disease of the graft in 
corneal transplantation. He has shown that 
small lamellar grafts made in the vicinity of 
the diseased graft may clear up the condi 
tion 

Although I have used this technique in a 
number of cases, in only two have I been 
so fortunate as to see the disease of the 
graft decrease. In most cases, the operation 
comes too late and the opacification of the 
graft continues. It would seem that a dis 
ease process in the graft depends, above all, 


upon the condition of the eve operated 
upon; disease is by far less frequent in 
the healthy cornea and in leukomas with low 


vascularization, It is easier to prevent dis- 
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ease of the graft than to cure it. One must 
strive, at all costs, to improve the condition 
of the 
prognosis which have now become familiar 


eve in those cases of unfavorable 
to us. 

Therapeutic grafting is indicated in all 
cases where there are only superficial le- 
sions of the cornea and when good visual 
results can be obtained without undue risks 
Of 


for the patient course, similar results 


can be obtained by using the perforating 
graft technique but with greater risks for 
the patient. While 


with totally blind patients, it ts necessary to 


the indication is clear 
be much more careful with those still hav 
ing a visual acuity of one twentieth or one 
tenth. For those with some vision, lamellar 
grafting can be proposed with great secur 
ity. 

Lamellar keratoplasty is also indicated 
when the patient is high strung or anxious ; 
in patients with nystagmus; and especially 
in the patient with only one eye. In an 
aphakic eye, with vitreous humor in the an 
terior chamber, only lamellar grafting can 
be successful 

As has been mentioned, excellent results 
have been obtained in cases of hereditary 
keratitis, 
and in reticular keratitis of 


in nodular keratitis of Groenouw, 
Haab-Dimmer. 
Good results have been obtained in 90 per 
cent of the cases. Among the various forms 
of corneal degeneration, lamellar grafting 
gives good results in the fatty dystrophy of 
the cornea and primary chronic edema. 

Successful results may also be obtained 
in the cases of opacities following infec 
tious keratitis; in Hutchinson's keratitis ; in 
tubercular, eczematous, or rosaceous kerati- 
tis, and in keratitis caused by a neurotropic 
virus. Cases of superficial leukoma follow- 
ing ulcers also give favorable results 

If the carefully 


associated infect n is 


eliminated, lamellar grafting may be very 


helpful in cicatricial trachoma. In cases of 
foreign body in the cornea (following ex- 
ical burns, and so 


plosions in mines, chem 


forth) the results often are not so good. 


However, although other procedures may be 


necessary, lamellar grafting improves condi 
tions for a subsequent perforating graft 
Favorable for lamellar corneal grafts are 
those cases of keratitis in war patients who 
were injured by yperite. 

Out of 270 lamellar grafting operations 
performed by me, both successful and un 
successful, 75 percent had transparent grafts 
and favorable functional results 

The balance of these cases revealed, in 
back of the corneal graft, some opacification 
of the layers of the diseased cornea. In some 
cases, during the course of the following 
months, the transparency improved because 
of a trophic action of the graft, and the func 
results also 


tional showed progressive im 


provement, When the amount of vision ob 
tained is not sufficient, a perforating graft 
may be performed under better circum- 
stances, upon a cornea which therapeutic 
corneal grafting has greatly improved 

Preventative lamellar grafting, either par 
tial or total, may also be used in performing 
an iridectomy, an iridosclerectomy, or an 
operation to liberate the eye from an ad- 
herent leukoma of a highly diffused, dense, 
and vascularized nature. If the lamellar graft 
loses its clarity, then the perforating graft 
is sure to fail 

One must be able to repeat such prepara 
tory grafting in order to pave the way fora 
successful central perforating graft. In cases 
of chemical burns, in deep, highly vascular 
ized keratitis, and in trachoma, also, this pro- 
cedure provides an indispensable precaution. 
In this respect I have obtained satisfactory 
results. 

In short, lamellar grafting in its threefold 
indication—optical, therapeutic, and prepara 
tory—is one of the most useful means of 
treating corneal opacity. 

Every one of us must work to improve 
these methods that 
with a view to obtaining more and more 


satisfactory results. If the lamellar graft 


still are rather new, 


loses its clarity, then the perforating graft 1s 


sure to fail. 
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The purpose of the experimental surgery 
performed in this study was twofold. First, 
to determine the effect of direct edge to edge 
suturing of partial lamellar grafts; second, 
to devise a method, if possible, of over- 
coming the herniation of the recipient bed en- 
countered in lamellar partial transplants. All 
grafts studied were of homoplastic character 
on rabbits. 

The multiplicity of sutures that have been 
used to hold the transplanted corneal graft 
tissue in its bed suggest the conflicting opin- 
ions of various authors as to what is the ideal 
type. Historically, the first attempt to suture 
a nonpenetrating corneal graft in place ap- 
pears to have been by Muhlbauer' who, in 
1840, won a prize offered by the medical 
faculty of Munich, Other than that he used 
a triangular-shaped graft held by a single 
suture at the apex, the exact suture type has 
not been identified. The result, however, was 
unsatisfactory. 

Durr? had performed lamellar grafts, 
probably the first attempted on human beings, 
even before von Hippel (1888) published his 
work on the nonpenetrating graft. Un- 
fortunately, he worked only with peripheral 
opacities and endeavored the heteroplastic 
transplant of dog cornea to man. He at 
tempted to hold his triangular graft in place 
with sutures at the corners, with the main 
sutures actually in the sclera 

Various methods of holding the graft in 
its bed have been used through the years. As 
far as suturing is concerned, however, it has 
always been of a bridging type. Some sutures 
have been placed from limbus to limbus, as 
described by Paufique ;* others from cornea 
across to cornea fairly close to the trephina- 
tion, as used by Paton* and others. 


* This work was done under a fellowship from 
the Fye-Bank for Sight Restoration 


EXPERIMENTAL CORNEAL GRAFTS OF THE LAMELLAR 
PARTIAL TYPE* 


Donatp M. Suarer, M.D. 
York 


New 


The decompression procedure in corneal 
lamellar grafting is a much more recent re- 
finement. Paufique® appears to have made the 
first reference to this technique which is a 
definite contribution to successful lamellar- 
type corneal grafting. The experimental at- 
tempts to dispense with this additional pro- 
cedure will be discussed later. 


EDGE-TO-EDGE ALL CORNEAL SUTURE 
EXPERIMENT 
TECHNIQUE. 

Anesthesia. A basal anesthesia of intrave- 
nous veterinary nembutal was given (0.12 
mg. per pound of animal weight ). After a few 
minutes, so that the animal could be pre- 
pared and placed on the Katzin® operating 
table without incident, pontocaine (0.5 per- 
cent) drops were instilled in the eye to be 
operated, and one ce. of one-percent novo- 
cain was injected, retrobulbarly. 

Preparation. The long guard hair about 
the eye was cut and the area was painted 
with 1:1,000 aqueous zephiran solution. 

Surgery. Lid sutures were used to secure 
the lids to the drape about the eye, since they 
were found to be less cumbersome than a 
speculum, The eye was then fixed by insert- 
ing episcleral sutures at the 4- and 8-o'clock 
positions at the limbus and tying them radi- 
ally to the drape. Fixation at the 12-o’clock 
position was maintained with forceps. Both 
the donor and the recipient animals were 
prepared in this manner before any corneal 
procedure. 

The recipient cornea was operated first 
so that the donor graft disc would be out of 
the corneal environment for a shorter time. 
With a Paton 5.0-mm. trephine, with the 
guard set at 0.5 mm., the recipient cornea 
was cut with oscillating movements of the 
trephine. The depth of the incision was 


= 
i 
hs 
26 
: 


EXPERIMENTAL LAMELLAR GRAFTS 27 


further checked with the tip of an iris re- 
positer until a full half-millimeter cut was 
insured. The disc was then grasped at the 6- 


o'clock position with a fine iris forceps, and 
the cleavage plane was followed with a 
round-tipped No. 14 Bard-Parker scalpel 
until the disc was free. The disc was then 
discarded and the recipient bed was covered 
with a pledget of cotton soaked with normal 
saline to retard drying. 

The donor disc was then removed from 
the other animal after similar preparation 
and anesthesia. With a 5.0-mm. Paton tre- 
phine, with the guard set at 0.5-mm. depth, 
the donor cornea was incised using the 
oscillatory movement. The depth of the cut 
was checked with an iris repositor tip. When 
the desired depth had been reached, a single- 
armed, 6-0 black silk suture was passed from 
the epithelial surface, just within the graft 
margin, through the disc till it emerged at 
the very bottom of the trephine incision 
(6-o’clock position). The suture was used 
for elevation as the disc was separated with 
a No. 14 Bard-Parker blade. 

The donor disc was taken directly to the 
recipient bed and the suture already in place 
in the graft was continued from the base 
of the trephine cut out through the recipient 
corneal epithelium, about 0.5 mm. from the 
margin. Thus, the graft is sutured edge to 
edge with the sidewall of the recipient bed. 

Next, the opposite suture at the 12-o’clock 
position was placed in a similar manner, the 
suture at the 6-o’clock position acting as 
counter resistance and reducing the handling 
of the graft by forceps. A fine iris forceps 
was carefully used to hold the graft when 
being transfixed by the needle, if the op- 
posite suture was overstrained. The sutures 
at the 3- and 9-o'clock positions were then 
placed in the same way. This produced a 
four-point attachment of the graft, edge to 
edge with the recipient stroma. Lid sutures 
of 4-0 black silk, mattress type, were placed. 
Penicillin ointment and atropine-sulfate (one 
percent) solution were instilled, and the lid 
sutures were firmly tied. 


The suture placed before the corneal disc 
is freed performs two functions in addi- 
tion to and traction. First, it 
identifies the 6-o'clock position on the graft 
so that the same corneal fiber relationship 
can be maintained when the graft is placed 
in the recipient bed. The value of such re- 
lationship may be disputed but it would 
seem that to use such a suture is to reduce 
the variables. Of more practical importance, 
it immediately and always identifies the 
epithelial surface of the graft. It is ex- 
tremely difficult to determine which is the 
“right side up” of a lamellar graft after it 
has slipped from a transferring spoon. It 
is true, of course, that the graft will gen- 
erally curl with the epithelium out but this 
may not always occur. In any event, the 
suture prevents such as mishap as putting 
the graft in place up side down. 


elevation 


RESULTS 


Transplantations were performed in the 
manner described on 10 rabbit eyes which 
were enucleated to provide histologic sec- 
tions of the grafts. Enucleations were per- 
formed at one hour and at 1, 2, 3, 4, 5, 7, 
8, and 10 days after the operation. 

One hour postoperative. Graft was already 
slightly edematous; epithelium of graft and 
nearby recipient cornea was absent. Some 
notching was seen between the graft and 
recipient edges. 

One day postoperative. Graft was edema- 
tous and a deep gaping notch existed be- 
tween graft and recipient corneal edges. Re- 
cipient epithelium not within the notch (fig. 
1). 

wo days postoperative. 
place but a notch persisted. No epitheliza- 
tion of graft was seen. 

Three days postoperative. Areas of heal- 
ing of base of the graft to bed were seen; 
good edge to edge closure on one side, but a 
notch was on the opposite side and it was 
epithelized. 

Four days postoperative 


Graft was in 


Recipient bed 
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was not completely epithelized. Graft too 
thick in this instance for bed depth 

Five days postoperative. Graft was not 
present ; recipient bed was almost completely 
epithelized., 

Seven days postoperative, Graft was 
sloughing and only a minute portion sur 


vived against the recipient stromal edge. 


Notch walls were completely epithelized. 


Fig. 1 (Shafer). A 5.0-mm 


graft implanted in a 
O-mmn. bed, at 24 hour fter operat Full-thick 


ness ¢ lye recipient Stroma (.) 


separated by 


a wide, gaping not (N) fr thick edematou 
lamellar graft (G) sandw recipient bed 


Eight days postoperative. Small portion 
of the graft existed only at margin where 
there was very little notching. Rest of graft 
was absent and the base sloughing 

Ten days postoperative. Bed was totally 
epithelized. A small necrotic portion of the 
graft was present at the margin right at a 


suture point; none elsewhere 


DONALD M. SHAFER 


OMMENT 


The sections indicate that within one hour 
after transplantation the recipient stroma and 
the donor graft are separated by a notch 
which later becomes epithelized. In as much 
as corneal tissue is believed to derive its 
nutriment by diffusion from the periphery, 
any isolation of a portion of the cornea by 
an epithelized notch should result in de 
generation of the isolated zone. This is ap- 
parently precisely what happened. In no in 
stance in over 80 serial sections showing 
notching (which occurred in all cases), did 
the graft persist longer that the fifth post 
operative day. The only instances of graft 
material surviving longer than five days were 
in those sections which were immediately 
within the suture loop—thus, only in those 
areas where edge to edge stromal contact 
persisted 

In order to confirm the status shown on 
the fifth postoperative day, in which there 
was almost complete epithelization of the 
recipient bed, the experiment was repeated 
Serial sections of this eve showed a graft 
residue that had lost most of its corneal his 
tologic characteristics and was overlying an 
almost completely epithelized recipient bed 

The results of this experiment indicate 

1. The edge-to-edge suture does not main 
tain approximation of the edges of the lamel 
lar graft and the recipient stroma 

2. Graft survival without edge-to-edge ap 
proximation ts apparently hindered and it 
cannot be assured by edge-to-edge sutures 

3. The recipient bed is almost completely 
epithelized, if a graft is not going to “take,” 
at about the fifth postoperative day. 


EXPERIMENT ON GRAFT SHRINKAGE 


These findings suggested further study. 
Che questions posed were: Did the normal 
intraocular pressure herniate the thin re- 
sidual cornea and Descemet’s membrane of 
the recipient bed, causing the notching and 
thus preventing the edge-to-edge approxima- 
tion necessary for graft survival? Or, did 
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the graft shrink in size with the same re- 
sult ? 
On the predication that shrinkage might 


be the cause, an experiment was sel up SO 
that a larger diameter graft would be placed 
in a smaller diameter recipient trephination. 
This increase in the graft diametet appeared 


necessary to attempt to fill tl 


the edematous stage had subsided 
A size differential of one full millimeter 


was selected because the notch t talled about 


1e notching after 


that amount in the histologic sections studied 


in the first experiment! 


In order to keep all variables as small as 


possible, the only difference in technique im 


this experiment was that the donor graft 


trephine, while the 


was cut with a 6.0-mn 


recipient bed was still incised with a 5.0-mm 


instrument. Using this size difference in 


each instance, homoplastic grafts were pet 
formed on rabbits, and the eyes were enu 
cleated so as to provicle histologic sections 
3.5. 7. and 10 days after 


of the status at 1, . 


operation. 


Fig. 2 (Shafer). A 6.0-mm. grait nlanted in a 
5.0-mm. bed, at five davs alter oper De 
strates wide n¢ tch (N) between very « le at 
graft (G) a 1 corneal wal recipient be 1(B 
} tire 


Note also that epithelium (1 


at this stage 
RESULTS 


)perative he 6.0-mm. gratt 


One day post 


found to be itous and the 


very edem: 


was 


graft implanted in 
The ex 


Fig. 3. (Shafer). A 6.0-mm 


~ 50-mm. bed. at ten days after operation 


cluded degenerating graft (G) may be seen lying 
in the recipient be 1 (B) with its entire nutriment 
supp! blocked by the complete epithelization (FE) 


of the notch (N) and the recipient bed 


margins were overriding the recipient cor 
nea; the graft was snugly in place and there 
was some piling up of the epithelium at the 
juncture. No notching was seen. 
Thre days The 


showed the graft partially dislodged, but in 


postoperative slides 


one slide about 50 percent of the graft was 


present in the bed. Although the section had 


been torn, a notch was evident, It was epi- 
thelized 

Five days postoperative. The slides showed 
the graft in place with a wide epithelized 
notch on one side and a small notch on the 
other (fig. 2). 


days post )perative sections 


The 


showed the graft firmly in place but with 


Seven 


overriding and mushrooming of the graft 


onto the cornea, There was no 


notching and there was beginning epitheliza- 


recipient 


tion of the graft surface. This represented 
the only eye in which the graft appeared 
to have “taken” in toto. 

Ten days postoperative, The slide showed 
legenerating graft in a bed which was 


the deget 
compleiely epithelized, including the suture 
tracts down into the deeper recipient 


stroma (fig. 3). 
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COMMENT 


The large diameter graft in the small bed 
produced epithelized notching in all but two 
instances—one day after operation, when 
the graft was very edematous; and in the 


sections for the seventh postoperative day. 


DIscUSSION 


The experiments suggest that the edge-to- 
edge suture is deficient because there was 
not one instance of a successful graft when 
both graft and recipient trephination were 
the same in size. 

Theoretically, such a suture should pro- 
vide the best approximation of the graft to 
the recipient stroma; however, in every in- 
stance of the same size graft as bed, the re- 
sult was a lost graft and notching. Several 
slides showed viable fragments of the graft 
enclosed within the suture loops. Thus, either 
the graft must have shrunk or torn free, or 
the bed must have enlarged until the graft 
could not survive because the epithelium fol- 
lowed the notch down to the base of the bed 
and then along the bed, isolating the graft. 

Since the first reaction of the graft is 
edema, the idea of shrinkage is probably 
erroneous. The opposite theory is more ten- 
able—-namely, that the bed enlarges. This 
would adequately explain the notching seen 
on all of the standard-size grafts, and it 
would account for the loss of all grafts after 
the fifth postoperative day when epitheliza- 
tion of the bed is apparently complete. 

The attempt to overcome the notching by 
using an oversized graft was successful in 
two instances. However, since the larger 
grafts tend to override onto the recipient 
cornea, it would be undesirable, optically 
and subjectively, to use them in operations 
on human beings 

An alternative procedure must, therefore, 
maintain the normal diameter of the recipi- 
ent bed without herniation. To do this, two 
procedures would appear to be indicated: 
(1) A bridging suture designed to resist the 


stretching process of the intraocular pres- 
sure; or (2) decompression of the globe at 
the time of transplantation. (Or, a combina- 
tion of the procedures.) 

Despite the fact that the firm stroma-to- 
stroma sutures used in these experiments 
could be tightened as much as a bridging 
suture, the serial sections made one hour 
after transplantation showed that notching 
was already present. It might be that bridg- 
ing sutures alone would prove inadequate, 
at least in the relatively soft and thin cornea 
of the rabbit. 

In addition, in the actual operative tech- 
nique, it was found that the 6.0-mm. graft 
fitted into the bed cut with the 5.0-mm. tre- 
phine without overriding. Thus, the hernia- 
tion or stretching of the bed must take place 
during the actual operation itself. In this in- 
stance the bridging type of suture would 
not resist the stretching, for enlargement of 
the bed takes place before any suture can be 
tightened. 

It would seem, therefore, that a decom- 


pression procedure would prove of value in 
lamellar type corneal transplantations in rab- 
bits. 


SUMMARY 


1. Homoplastic partial lamellar corneal 
transplantations were performed on rabbits, 
using edge-to-edge corneal sutures. Histo- 
logic sections were made after enucleations 
at one hour and 1, 2, 3, 4, 5, 7, 8, and 10 days 
postoperatively. 

2. standard-sized graft persisted 
longer than the fifth postoperative day and 
the recipient bed was epithelized at that time. 

3. All standard-sized grafts showed an epi- 
thelized notch between the recipient and 
donor stromal edges, believed due to stretch- 
ing of the recipient bed. 

4. A second series of partial lamellar cor- 
neal transplantations were performed with 
the donor disc one mm. larger in diameter 
than the recipient bed. Corneal sections made 
at 1, 3, 5, 7, and 10 days postoperatively 
were studied. 
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5. In spite of the use of an oversize ing the operation before any retaining suture 
graft, a gap or notch was present in all sec- can be closed. 
tions but those made on the first and seventh 7. A decompression procedure is sug- 
postoperative days. gested to prevent herniation of the recipient 
6. The stretching and herniation of the bed in lamellar corneal transplantations, at 
recipient bed is not resisted by edge-to-edge _ least in the soft cornea of the rabbit. 
corneal sutures and is believed to occur dur- 210 East 64th Street (21) 


DiscussiON 


Dx. Josern Lava ( New York): | should Dr. Suarer: The only thing that tends 
like to ask Dr. Shafer a question: Did the _ to indicate otherwise is that a 6.0-mm. graft, 
notch appear clinically, or was it seen only cut right on the operating table, will fit 


after the eye was removed and fixed? readily into a 5.0-mm. bed. My belief is that 

Dr. Suarer: Both, but more so after the — the stretching occurs as soon as the trephine 
eye was removed and fixed. goes through to the recipient bed. 

Dr. Lavat: The reason I ask you, Dr. I noted in the films that Dr. Paufique and 
Shafer, is this: Dr, Paufique and Dr. Sour- Dr. Sourdille presented that they were using 
dille showed us lamellar grafts that they did a decompression procedure though | did not 
with such beautiful results, and in your hear very much discussion about it in their 
lamellar grafts you had notching. My im- lamellar cases. 
pression was that the notching only oc- Dr. Paurigue: When I saw Dr. Shafer’s 
curred because the fixing fluid had shrunk © slides, I was amazed to see how prominent 
the graft away from its bed and that it was the notch, because in the human eyes 
really was not a poor operation. | felt that after my operation I rarely see such a notch. 
if the eye had been left alone, the graft 1 think the curvature of the rabbit cornea 
would have taken, but the fixing fluid pulled — is very different which may account for this 
it away. notching. 
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PATHOLOGY OF REMOVED CORNEAL SECTIONS 


Josern Lava, M.D. 


During the past three-and-one-half years, 
we have examined 1,088 eyes in the Eye 


Bank. Of these, there were 

Normal 980 
Papilledema 3 
Sarcoma of uveal tract 59 
(,homa of retina 7 
Epibulbar carcinoma 
Meningt ma of optic nerve 1 
Leukemia 7 
Glaucoma 41 
Uveitis (anterior and posterior) 25 
Intraocular hemorrhage 13 
Sympathetn inflammatior 1 

1,088 


In cases of corneal transplantation, de 
yenerative changes develop in the nerves of 
the host cornea and of the graft. In the host 


cornea, the nerves degenerate in an area two 


mm. wide around the graft; these changes 


are the result of direct action of the trauma 
exerted on the nerves by the cutting instru- 
ment; they follow a course more rapid than 
that in the graft itself 

Innervation of the graft is accomplished 


by nerve fibers which sprout from the scar 


in the host cornea all around the graft. These 
new fibers, passing across the scar at the 
junction of the graft and the host cornea, 
invade the graft and reinnervate it, restoring 


its sensitivity 
We have been examining the discs of re 


cipient corneas sent to the laboratory with 


the idea that, from the pathologic changes 


in the various layers of the recipient cornea, 


we can determine which factors will in 


fluence “a take.” 


We have found the corneal epithelium 
changed in each of its five layers, but mostly 
in the columnar cell laver and in the outer 


most flattened laver which may at times be 


keratinized. Bowman's membrane has been 
found to be absent or else quite thickened or 


irregular in diameter. The stromal fibers are 


New York 


irregularly placed and the fixed cells and the 
wandering cells are usually increased in 
number. Occasionally small blood vessels are 
found in the corneal stroma. Descemet’s 
membrane and the endothelium are absent, 
as a rule, having been lost when the disc 


was removed from the recipient's cornea 

Dense and diffuse corneal opacities have 
an unfavorable influence on the results of 
operation. The reasons why corneal grafts 
fail to remain clear in completely opaque 
corneas are not fully understood. One ex 
planation which has been given for the poor 
results in this type of cornea has been that 
there are not enough normal corneal cells 
surrounding the graft. This explanation is 
probably not correct, however, for clear 
transplants can be obtained in corneas in 
which all of the original cells have been de 
stroyed by freezing, if sufficient time is al 
lowed for corneal edema to subside and new 
cells to grow in. 

The recipient cornea should not be com 
pletely opaque and should not be edematous 
Small blood vessels in the recipient cornea 
are not detrimental to the final clarity of the 
After 
serted, it becomes edematous during the first 
The 


endothelium is always damaged to some ex- 


transplant the graft has been in 


24 hours and the epithelium is lost 


tent, but part of it may remain on the graft. 

The majority of the stromal cells con 
tinue to live in the graft and do not show a 
massive degeneration or replacement at any 
time during the postoperative course. They 
are supplemented, at least to a limited extent, 
by newly formed keratoblasts from the re 
cipient’s cornea, The epithelium is replaced 
by a migration of epithelium from the re 
cipient cornea. The endothelium may be re 
paired from the uninjured cells of the graft 
or by a migration of cells from the recipient 


cornea, The wound is closed at first by a 
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fibrin clot and later by fibroblasts which 
form fibrous tissue between the graft and 
adjacent cornea. 

We are trying to correlate the changes in 


the recipient’s cornea with the degree of suc- 
cessful take. We hope, in the future, to 
have some more definite conclusions. 

136 East 64th Street (21). 


SOME OBSERVATIONS ON EMBRYONIC CORNEAL 1 RANSPLANTATION 


Davip Freeman, M.D. 


New Haven, Connecticut 


Our work was organized to contrast the 
healing of embryonic corneal tissue trans- 
planted to animals of the same and different 
species. For the homologous series, 9- or 10- 
day-old chick embryo corneas were carried 
into adult chicken corneas; and 18-day-old 
rabbit embryonic corneas into adult rabbit 
corneas. Heterologous transfers were Car- 
ried from guinea-pig embryos to rabbits ; 
from chick embryos to rabbits; and from 3- 
and 4-month-old human embryos to rabbits. 

Grossly, the transplant is faintly hazy and 
membranous; it exhibits marked adhesie- 
ness at its edges. Microscopically, its bulk 
consists of numerous parallel bundles of nu- 
cleated cells bounded on each side by a 
single layer of flattened epithelium, It re- 
sembles, in structure, the abdominal wall of 
the early embryo. The size of transplants 
varied from about one mm. in diameter of 
the 18-day-old rabbit embryo to 4.0 or 4.5 
mm, of 9-day-old chick embryos. 

An optimal age for embryonic tissue was 
found for heterologous transplants. The rea- 
son for this was that, if the curvature of the 
embryonic cornea was already established 
carried to an adult of a different 


it would form a vesiclelike struc- 


when 
species, 
ture. This did not happen in the homologous 
transplants. 

One theoretical disadvantage of embryonic 


cornea is the absence of Descemet’s mem- 


brane and the protection which it aftords. 
However, other embryonic tissues grow well 
in the anterior chamber without benefit of 


Descemet’s membrane, although a good vase- 


ular supply is essential. Cases with minimal 
trauma have been selected for this report and 
haziness is graded clinically from 1 to 4 plus. 

Since there was no essential difference 
between the homologous and heterologous 
transplants in the manner of healing, both 
are treated together in our description. 


(OBSERVATIONS 


In general, all embryonic transplants be 
come opaque by the second or third week. 
During the first week an elevation or depres 
sion of the transplant is frequently noted, due 
to the marked difference of thickness of the 
two tissues. A proliferation of the marginal 
squamous epithelium is frequently seen. This 
tends to smooth out the surface unevenness. 
The anterior chamber becomes reestablished 
within one week. A marked tendency to ad 
hesions may prolong the period of clearing. 

As healing progresses, a faint but definite 
haze appears in the peripheral incisional zone ; 
while in the clear central area, a small nip 
plelike projection is frequently noted The 
growing e¢m- 


latter numerous 


bryonic squamous epithelial cells. Sections 


represents 


at this stage show a proliferation of the 
epithelial layer, some 8 to 10 cells thick, 
with an irregular surface and with numer 
ous Cy stic spaces. New proprial cell bundles 
are seen extending in parallel bundles, In a 
few cases, a marked disarrangement of these 
fiber bundles has been noted. An occasional 


capillary bud is present. 
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Microscopically, at about three months, 
the adult recipient cornea has begun to en- 
velop the embryonic transplant with a new 
epithelial outer covering and a new endo- 
thelial lining. Within the transplant are seen 
large pale-staining coalescent cells, cellular 
debris, and numerous small wandering cells 
loaded with pigment granules. The epithelial 
layer has become more even, thinner, with an 
occasional necrotic cell, The anterior layer 
of proprial cells has become more compact ; 
the posterior group more fibrillar and 
branching. Descemet’s membrane appears to 
be split or reduplicated. New endothelial 
cells are seen extending over the entire inner 
surface. 

In order to test the theory that the trans- 
plant serves merely as a mechanical bridge 
for the host's cells, four transplants were 
placed with the endothelial surface facing 
outward, All four eyes healed well after a 
slightly more stormy postoperative course 
than occurred in the other animals. Although 
the number of cases is too small for any final 
statement, the experiment would seem to 
suggest that the transplant serves mainly as 
a mechanical bridge. 

In some cases we have noted uveal tissue 
growing actively in the host corneal stroma. 
Obviously, this was derived from embryonic 
tissue inadvertently carried over with the 
transplant. 

Six to eight months postoperatively, the 
transplant becomes quite thin and infiltrated 
with small wandering cells. The few fibrotic 
bundles are irregularly arranged, and an oc- 
casional capillary is present, The inner por- 
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tion consists of numerous delicate fibrillas. 
The epithelium is scanty or missing, a con- 
dition caused by the abnormal attachment of 
epithelium to substratum. 

The whole complex structure consists of 
at least three types of cells: (1) The per- 
sistent and/or dead cells ; (2) the fibroblasts ; 
and (3) the newly formed cells—the new 
proprial fibrillas, the new endothelial and 
epithelial cells—and an occasional blood ves- 
sel. 

Transplants carried from rabbit embryo 
to adult rabbits seemed to do best, clearing 
in about 4 to 6 months with 1- or 2-plus 
haziness. The next best results were in the 
group of chick embryo to adult rabbits. 
These transplants cleared in about 12 to 15 
months with 1- or 2-plus haziness. Strangely, 
the homologous transplants of chick embryo 
to adult chicken did not clear beyond 2- or 
3-plus haziness in eight months’ time. Of 
the four transplants of human fetus to rab- 
bits, one became opaque in six weeks and 
remained so for about eight months; the 
second became infected; and the other two 
are slowly clearing after a 10-month ob- 
servation period. 


CONCLUSION 


Embryonic corneal tissue, on transference, 
grows moderately well, persists for several 
months, regresses and dies, and finally is 
replaced by the cells of the host. 

Perhaps the most important factor to con- 
sider in experimental corneal transplantation 
is not how many cases are done but the 
length of the period of observation. 
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INFLUENCE OF RELATIONSHIP 


The success of tissue grafting depends, 
among many other factors, on the relation- 
ship of the graft to the host. When I say 
relationship, | mean it in its strictest sense. 
Transplantation from one individual to him- 
self is the most successful form. When such 
accidental factors as trauma, 
hemorrhage, infection, and debilitating states 
are eliminated, this form of transplantation 
is most unifornly successful. In transplanta- 


excessive 


tion to an identical twin the percentage of 
success falls in the same class with auto- 
grafting. When a tissue is grafted from one 
individual to another, the success of the graft 
depends upon how closely the individuals 
are related, When a great number of trans- 
fers of this sort are done, for example, in 
small statistical 
study can be made and the results of such 


experimental animals, a 
studies will show: 

1. The percentage of “takes” is highest 
(next to autografts) when the subjects are 
from closely inbred strains. Since these ani- 
mals are derived from successive generations 
their chromosome 


of inbred litter mates, 
characteristics approach those of identical 
twins. It is in these groups that the graft 
has the best chance of survival. 

2. When ordinary litter mates are used 
for these studies, the percentage of success- 
ful takes is lower. Siblings that are not de- 
rived from inbred strains may be, by chance, 
closely related (so far as their gene similar- 
ity is concerned) but the statistical treat- 
ment of such experiments shows a smaller 
percentage of successful grafts. 

3. When unrelated members of the same 
species are used, the percentage is corre- 
spondingly lower. 


* Director of the Eye-Bank Laboratory. 


THE ULTIMATE FATE OF THE GRAFT 


Herspert M. Katzin, M.D.* 
New York 


4, When tissues are transplanted from one 

species to another, grafts are not accepted. 
NATURE OF TISSUE USED 

The next consideration in successful graft- 
ing is the nature of the tissue used. Some 
tissues are relatively resistant and some are 
very susceptible to the injurious influences 
involved in tissue transplantation. To take 
an extreme example, the anterior horn cells 
of the central nervous system or the ganglion 
cells of the retina are not suitable for trans- 
plantation at all. Interruption of their normal 
blood supply for a very few minutes causes 
the cells to die. Cartilage and perichondrium 
are good materials for grafting because of 
their relatively small need for nutrition, be 
cause of the large proportion of intercellular 
matrix, and because of the low vascularity. 

Cornea is, in some respects, similar to 
cartilage. The grafting qualities of other tis 
sues, such as skin, endocrine glands, bone, 
muscle tissue, blood vessels, and blood, lie 
between the extremes already mentioned. Be 
cause of the nature of the tissue reactions 
involved, these organs respond differently 
to a change in their environment, 


TISSUE REACTIONS 


Although the tissue reactions occurring 
at the site of a transplant follow a pattern 
which varies with these different factors, 
a general description would be: 

First, the body fluids of the host exert an 
injurious effect on the graft which varies 
with the degree of relationship of the graft 
to the host. These effects can be shown in a 
number of ways, but to take an example: 
if a skin graft from a mouse is embedded 
subcutaneously in a frog, for a very few 
hours, it will be cast off when returned even 
to the same mouse. The body fluids of the 
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frog have altered it in a subtle but very 
powerful way, so that it is no longer ac- 
ceptable to the mouse The effect of the body 
fluids is to cause severe cellular damage from 
which the transplant may not recover 

Second, the fibrous tissue of the host de 
velops about the graft and surrounds it 
The amount and permanency of the conne 
tive tissue depend upon the acceptability of 
the graft. The connective tissue may be so 
extensive as to choke off the nutrition of the 
graft and cause delayed death. This is the 
form of reaction frequently seen about a 
cartilage graft from an unrelated donor 
Blood vessels accompany the connective tis 
suc, and the factors already listed will de 
termine whether the fibrous tissue and the 
blood vessels will form a framework that 
will nourish the transplant or a capsule that 
will cause necrosis. 

Third, the action of the cellular elements 
of the blood supplements the action of the 
body fluids and the fibrous tissue. There are 
always a few polymorphonuclear cells at the 
site of transplantation Their number de- 
pends on the degree of tissue damage. They 
are more abundant when a graft is being 
rapidly destroyed. Statistical studies in ani 
mal grafting experiments are necessary to 
rule out the effect of infection in the pres 
ence of many polymorphonucleat cells. There 
are always lymphocytes and other mononu 
clear leukocytes at the transplant site. Their 
numbers depend likewise on the icceptability 
of the graft. In large numbers they indicate 
a milder form of nonacceptance 

In an autograft, there 1 migration of 
blood vessels and connective tissue toward 
the graft site where they form a loose mesh 
work, A few lymphocytes may be seen in 
the connective tissue. In the course of time, 
the fibrous framework of the graft becomes 
displaced and ts re laced from the host. The 
amount of connective tissue formed, in gen 
eral, is very small ar 


the graft assumes the appearance of the 


normal structu 


sources 


In the case « 
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which are less closely related, the injurious 
effects of body fluids, connective tissue, and 


leukocytes assume more importance the 


greater the dissimilarity. 


(OTHER FACTORS TO CONSIDER 


The influence of hormones. Hormones 
may effect the success of a graft. By stimu- 
lating growth processes in the graft, they 
may tend to neutralize the damaging action 
of the host on an unrelated graft. By de- 
pressing growth processes, the effect of un- 
relatedness may be intensified. Grafted tis- 
sues that respond to the action of hormones 
are, of course, the only ones that can be 
shown to exhibit these properties 

Blood groups. It has often been asked 
whether blood groups have any effect on the 
relatedness of individuals within the same 
species. There is no definite correlation be- 
tween the compatibility of blood and skin 
grafts in the same individual. 

The effect of immunity on the accept- 
ance of a graft. Experimental studies reveal 
that the reactions against grafts from un- 
related individuals differ qualitatively as 
well as quantitatively and that the normal 
immunity reactions against strange proteins 
may develop in the case of the transplant. 
lhe immune reactions are, however, second- 
ary and participate to a lesser extent im 
throwing off a strange transplant. 

The special case of blood vessels and 
nerves. Grafting experiments on these tis- 
sues have shown that it is possible to obtain 
a clinically successful result. These results 
have been hailed as evidence of the trans 
plantability of these tissues However, closer 
examination showed that the vessel or the 
nerve served merely as a framework for 


the development by the host of tts own re- 


placement parts 
The anterior chamber of the eve as a site 
for tissue transplantation. This locale has 


been shown to be a particularly successful 
site for transplantation, espectally for the 
f internal secretion. Compared with 


other sites. diminution is noted in the intens- 
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ity of both the connective-tissue reaction and 
the lymphocytic reaction against the trans 
plant. 

Intraocular transplantation of malignant 
often be shown to take and 


tumors may 


maintain continued growth. The degree of 
success seems to depend upon the original 
growth energy of the tumor 

In the anterior chamber there is a paucity 
of protein so that immune reat tions, as well 
as the injurious body-fluid response, is less 


lack 


of connective tissue in the anterior chamber 


marked. The normal acellularity and 


are also factors which are favorable. Pieces 


of cornea transplanted into the anterior 


chamber in the same species have been re 


covered after months, clear and intact, but 


covered by a layer of endothelium. The an 
terior chamber is, in many respects, a modi- 
fied tissue culture chamber 

The effect of age Grafting experiments 


in general have shown greater success im 


young hosts than in older ones Chis has not 


been borne out to any sigmihcant extent, 


however, in the case of the cornea. So far 


as the question of the age of the donor ts 


concerned, transplants fror y young 
better than older ones 


donors may succeed 


The individuality differentials are fully de 


veloped even in new-born inimals so that 
the greater success enjoye | by these tissues 


as donors must be due to the greater growth 


momentum of vounger tissues and perhaps, 
also. to their greater adaptability to unfavor 
able environmental conditions. In the 

born or still- 


cast 


of cornea obtained from new 


born donors, the tissue 1s much more friable, 


difficult to work with than 


thinner, and more 


adult cornea. This material can be used but 


has to be relatively fresher because 1t will 


remain in good condition only half as long 


as adult corneal material 
Multiple transplantations, Serial trans- 
plants, using the same graft from one animal 


to another, have been done with cartilage in 
rats. A single graft has been kept alive much 
] 


ige life span of the rat 


longer than the aver: 


We have not tried this type of experiment 
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with the cornea but, on the basis of our ex- 


perience, there is every reason to believe 


that it would succeed. 


GENERAL OBSERVATIONS 

In the first days after a corneal transplant, 
a considerable amount of edema occurs at the 
cut edges. This edema involves the host as 
well as the donor graft and, in the soft 
the the 
practically the entire globe 

lhe epithelium of the host proliferates and 


sclera of rabbit, edema involves 


fills in the gap between graft and host and 
fibrin fills in the posterior margin When the 
donor cornea is very fresh, the epithelium 
of the graft also proliferates, but we believe 
that this epithelium is ultimately lost and re 
placed entirely by the host. Sheets of epithe 
lium are desquamated during the first two 
weeks of the postoperative period. We be 
lieve that the endothelium is replaced by 
the host in the same manner, Proof of this 
is, however, more difficult to obtain 

Bowman's membrane of the graft persists. 
It is not regenerated, and any defect 1s filled 
in partly by fibrous tissue and partly by 
epithelium, The stroma appears to remain 
unaltered. When the epithelial and endo 
thelial seal is complete, the edema of the 
stroma gradually subsides and it begins to 
assume a normal appearance. 

Descemet’s membrane remains largely un- 
changed but there may be evidences of re 
veneration of this structure on the part of 
the graft. These evidences do not necessarily 
imply regenerative processes in the graft. 
It is likely that the endothelium dies soon 
after enucleation, and that the raw surface 
of the graft is covered very quickly by the 
endothelium of the host. Apparently Desce 
met’s membrane is accepted by the host's 
cells, 
reduplication of 
However, at the edges where the new endo- 


endothelial because we rarely see a 


Descemet’s membrane. 
thelium may come in contact directly with 
corneal stroma, splayed-out fringes of re- 
generated Descemet’s membrane can be seen. 

It is apparent, therefore, that all cellular 


: 
} 


38 HERBERT M. KATZIN 


elements of the graft which are readily re- 
placeable undergo quick substitution by the 
host. The noncellular elements remain. There 
is no question that Bowman's membrane re- 
mains, and there is little question that Desce- 
met’s membrane remains. 

The stroma too almost certainly remains. 
What happens to the stromal cells? In this 
respect, the cornea bears a great similarity 
to cartilage which has a paucity of cells in 
relation to the amount of matrix. The met- 
abolic activity of the corneal stromal cells 
is very low, but these cells must be replaced 
from time to time in the normal course of 
their activity. In the normal adult cornea, 
it may take years for any significant propor- 
tion of them to die and be replaced. 

After a transplant operation, replacement 
takes place much more rapidly, and we be- 
lieve that the clinical success of a transplant 
depends upon the rapidity with which this 
process occurs. If the cells of the graft 
should die too rapidly for orderly replace- 
ment, a slight translucent edema occurs. This 


edema gradually becomes more marked and 


remains. This condition occurs when a graft 
is used that has been kept too long. His- 
tologically, a layer of fibrous cells underlies 
either the epithelium or the endothelium or 
both. 

If the patient’s cornea has a sufficient 
number of normal corneal cells in the graft 
bed, these may slowly proliferate and enter 
the new structure and take over their func- 
tion in it. When the host’s cornea is badly 
scarred so that few normal cells remain, the 
graft will not remain clear for more than a 
few weeks. When the host’s cornea is badly 
vascularized so that reparative processes pro- 
ceed at a very rapid rate after transplanta- 
tion, even though there may be many normal 
corneal cells in the bed, the graft is invaded 
by connective tissue and does not remain 
clear. 

In short, our concept of successful corneal 
transplantation is that the donor cornea is 
a framework which the host’s cornea grad- 
ually fills in with its own cellular elements 
while maintaining the original matrix. 

210 East O4th Street (21). 
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SOME DYNAMIC ASPECTS OF TISSUE STRUCTURE IN 
CORNEAL EPITHELIUM* 


Buscuxke, M.D. 
New York 


Some of the most essential factors in de- 
termining success or failure in corneal sur- 
gery are related to the complex problems of 
viability of tissue, of wound healing, and of 
compatibility of tissues. I do not have, be- 
fore this forum, to review the criteria which 
are applied in analyzing a given clinical 
situation from the diagnostic and prognostic 
viewpoint. 

As to the procedures and criteria which 
the pathologist applies, some of the preced- 
ing discussions have illuminated his methods 
of analysis. From the standpoint of classic 
pathology, the observed phenomena may be 
classified as degenerative, proliferative, and 
inflammatory ones in manifold combinations 
and successions and involving numerous tis- 
sue components. 

The preceding discussions have made it 
clear that the pathologist is no longer satis- 
fied with observing and classifying some final 
histologic picture. He also endeavors to re- 
construct the sequence of events and the 
role played by different tissue elements, by 
reviewing synoptically the individual his- 
tologic pictures of a clinical or experiment- 
ally produced succession of stages. The 
classic, predominantly descriptive approach 
is being replaced to an ever greater extent 
by an approach in which an attempt is made 
to interpret observations of histologic struc- 
ture in a dynamic way. 

In this approach, structural peculiarities 
of normal tissue and deviations from normal 
structure of cells and tissues are viewed as 
results of processes rather than as isolated 
static situations ; this helps to break down the 
barriers between pathology and physiology 
and to obtain some insight into the action 


*From the Ayer Foundation Ophthalmic Re- 
search Laboratory, Manhattan Eye, Ear, and Throat 
Hospital. 


mechanisms which lead to morphologic mani- 
festations. 

What appears to be of particular impor- 
tance, in this trend toward a dynamic inter- 
pretation of morphologic manifestations, is 
the fate of the single cell both as an in- 
dividual entity and as an integral part of an 
organized tissue. I should like here to illus- 
trate this approach and its implications for 
the understanding of both physiologic and 
pathologic phenomena in the tissue by a few 
examples taken from observations on corneal 
epithelium. 

While corneal epithelium may a priori ap- 
pear to be of relatively little interest in con- 
nection with corneal surgery, it is known 
from the work of other investigators to have 
great importance in the exchange of water’ 
and of some essential metabolites* and thus 
in the physiology of the cornea. In addition, 
there is no obvious reason why similar prin- 
ciples and methods should not apply to the 
stroma as well; an approach which, in fact, 
has already been considered in some investi- 
gations on stroma cells." 


OBSERVATIONS ON CORNEAL EPITHELIUM 


1. The first example concerns the cellular 
damage due to ultraviolet irradiation and to 
mustard and related substances. With appro- 
priate doses of these agents, a peculiar mode 
of nuclear damage, nuclear fragmentation, 
develops within several hours and leads 
eventually to cell disintegration. This 
phenomenon has been previously described 
in detail.* 

Apart from the fact that with mustard the 
extent of this kind of cell damage is most 
marked in the basal layers of epithelium, 
while with ultraviolet it is more marked in 
the upper layers, the morphologic picture is 
very similar in both conditions, and so are 
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Fig. 1 (Buschke). Effect of temperature on manifestation of nuclear fragmentation following exposure to 
ultraviolet rays. (A) Incubation for eight hours at 30°C. (B) Incubation for eight hours at 10°C (Re- 
printed with permission from the Journal of Cellular and Comparative Physiology.) 


Fig. 2 (Buschke). Effect of anaerobiosis on manifestation of nuclear fragmentation following exposure 
to ultraviolet ravs. (A) Aerobic incubation for six hours at 38°C. (B) Anaerobic incubation for six 
hours at 38°C. (Reprinted with permission from the Journal of Cellular and Comparative Physiology.) 


TISSUE 


some of the physiologic factors involved in 
the pathogenesis. 

Nuclear fragmentation develops also in vi- 
that the epithelium of 
enucleated eyes which had been exposed to 
either of these two agents and subsequently 


tro; is, in corneal 


incubated in a moist chamber, It was thus 
possible to study the effect of some environ- 
mental variables in vitro. 

Changes of temperature have a most pro- 


Fig. 3 (Buschke) 
(A) Fresh pin-prick injury 
lesion following eight hours’ 


Johns Hopkins Hospital.) 


incubation at 21° 


At a temperature of 38°C, 
the pathologic manifestations develop after 


nounced effect. 


4 to 6 hours, while morphologic integrity is 
well maintained for much longer periods of 
1). The 


latent period is thus inversely related to 


time at lower temperatures (fig. 


temperature with a temperature coefficient 
of about 3.5. 

From the standpoint of the mechanisms 
involved, this is of particular significance in 
the case of ultraviolet-ray damage ; for here 
no chemical agent is primarily added, the 
interaction of with compon- 
ent(s) of the tissue could conceivably re- 
quire higher temperature, 

It is, therefore, to be postulated that met- 
abolic processes in the tissue itself are re- 
sponsible for the pathologic manifestation. 
Of what nature the mechanisms may be 
which, under prevent, 
counteract, or compensate those metabolic 


which some 


normal conditions, 
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processes, is unknown at the present time. 
But it may be considered as certain that, in 
the development of the damage, enzymes are 
involved which part of the metabolic 
equipment of the cell itself. 

It is conceivable and, in fact, quite likely 
that the 
the mechanisms involved in the nuclear dam- 
mustard, and 


are 


same principle applies likewise to 


age following exposure to 


possibly also in the pathologic conditions of 


Temperature dependence of posttraumatic cell movements in corneal epithelium 
(B) Similar lesion following three hours’ incubation at 38°( 
C. (Reprinted with permission from the Bulletin of The 


(C) Similar 


cells and tissues due to a great number of 
other noxious agents which require a tem- 
perature-dependent latent period for mani- 
festation of the damage. 

Nuclear 
which follows arrest of mitosis in metaphase 


disintegration, for example, 
under the influence of colchicine, has a simi- 
larly high temperature dependence.* In the 
cases of ultraviolet irradiation and mustard, 
in addition, aerobiosis was found to be a 
requisite for the manifestation of nuclear 
fragmentation (fig. 2). 

2. The healing of epithelial wounds may 
serve as a second example illustrating dy- 
namic aspects of structure. The 
most widely used approach to a study of 
epithelial wound healing is that in which 
measurable changes in the size of a defect 
following injury are recorded over a period 

and under exposure various 
In order to reduce the number of 


tissue 


of time to 


agents. 
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Fig. 4 (Buschke). Inhibitory effect of cyanide on the posttraumatic cell movements in epithelium. 
Incubation for three hours at 38°C. in (A) Phosphate buffer, pH 7.4, and (B) M/1,000 cyanide in 
phosphate buffer pH 7.4. (Reprinted with permission from the Bulletin of The Johns Hopkins Hospital.) 


Fig. 5 (Buschke). Pseudopodial cell movements in corneal epithelium in healing of pin-prick injury. 
(Reprinted with permission from the Archives of Ophthalmology.) 
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variable factors in the experimental ap- 
proach, a study of the cellular events taking 
place in the surrounding of very small in- 
juries was initiated, and an attempt was 
made to use these morphologic observations 
on the cellular level in assaying the effects 
of variables applied over shorter periods of 
time.’ It was hoped to reveal with this 
approach some of the dynamic aspects, and 


Fig. 6 (Buschke). Control sheet of corneal epi- 
thelium following incubation of cornea for 16 hours 
at 38°C. No loss of cohesion 


thus of the mechanisms, involved in healing 
of epithelial wounds. 

Pin-prick injuries to corneal epithelium 
heal with cell movements of the surround- 
ing epithelia, and in this process pseudopo- 
dial cell extensions play an important role* 
(fig. 5). 

3. A study of the variables which would 
interfere with these cell movements revealed 
that this phenomenon is highly temperature 
dependent (Qio = 5)" and is susceptible to 
interference by anaerobiosis,’ cyanide, iodo- 


Fig. 7 (Buschke). Loss of intercellular cohesion 
in sheet of corneal epithelium following incubation 
for one hour with 2.5 mg. percent chymotrypsin. 


Fig. 8 (Buschke). Loss of intercellular cohesion 
following incubation of epithelium for two hours 
with 25 mg. percent chymotrypsin. 


acetate,’ and other sulfhydryl binding sub- 
stances,® as well as to that by local anes- 
thetics’ (figs. 3 and 4). 
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Loss of intercellular cohesion 


Fig. 9 (Buschke) 
following incubation of cornea with M/7 fluoride 
(Reprinted with permis 
w and ¢ om parative 


for six hours at 38°C 


sion from the /ournal of C ellul 


Phystoloqy.) 


In addition, however, this approach re- 
vealed some differences in the mode of move- 
ment of the individual cells which were de 
pendent on the size and shape of the injury, 
and on the location of the cell in the multi- 
layered epithelium, These differences sug 
gested that intercellular cohesion may be an 
important variable affecting the mode of cell 
movement.® 

A study of factors involved in tissue con- 
tinuity or cell cohesion provided another oc- 
casion to apply dynamic viewpoints to the 
study of structure in the tissue. Among the 
most potent agents which interfered with 
tissue continuity and brought about isola- 
tion of epithelia from each other in a mor- 
phologically well-preserved state, were some 
proteolytic enzymes, notably chymotrypsin 
and trypsin’® (figs. 6 and 8). 

It was suspected, therefore, that intrinsic 
proteolytic enzymes of the tissue itself might 
be responsible for physiologic and pathologic 
variations of cell cohesion. Under conditions 
of rest and in a normal organized tissue like 
that of corneal epithelium, the effect of in- 


trinsic proteolytic activity may not manifest 
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Fig. 10 (Buschke). Loss of intercellular cohesion 
following incubation of cornea with M/100 iodo- 
acetamide for six hours at 38°C 


itself in an overall loss of cohesion, because 
of restraining or compensating metabolic 
processes. 

It is now known from other tissues, how- 
ever, that the proteins of the tissue, even the 
structural ones and those considered as most 
stable, are actually in a steady flux of break- 
down and_resynthesis.” 

In applying this line of thought to the 
problem of intercellular cohesion, the as- 
sumption was made that such a steady state of 
processes of synthesis and breakdown would 
also prevail in respect to proteins involved 
in cell cohesion. It appeared likely that met- 
abolic would be required for the 
processes of protein synthesis, Interference 


energy 


with certain energy-producing or energy- 
ransferring metabolic pathways in the tis- 
therefore, be expected to let 
intrinsic proteolysis manifest itself in loss 


sue might, 


of cell cohesion. 

Exposure of corneas to fluoride, iodoace- 
tate, iodoacetamide, 2,4-dinitrophenol, 4,6- 
dinitrocresol, and to some local anesthetics, 
with incubation at body temperature for 
several hours lead to a marked loss of inter- 
cellular cohesion™ (figs. 9 and 10). It is of 
interest that some of these agents are known 


| 


primarily as inhibitors of glycolytic or 
phosphorylative pathways. Under otherwise 
similar conditions, anaerobiosis and inter- 
ference with oxidative pathways, such as 
exposure to cyanide or malonate, had no 
effect on intercellular cohesion, 

Much further work will be required to 
obtain more insight into the mechanisms of 
cell cohesion. The observations to date, how- 
ever, appear to be compatible with the 
idea that processes of breakdown and re- 
synthesis of the proteins concerned in inter- 
cellular cohesion play some role and 
that factors regulating the extent of these 
two opposite phenomena of tissue metabo- 
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lism may be responsible for physiologic and 
pathologic variations in cell cohesion. 

These examples may serve to illustrate 
the possibilities inherent in an approach 
which stresses the dynamic state of tissue 
and cell structure. From the practical stand- 
point, they demonstrate the possibility of 
modifying and directing by environmental 
agents the course of events which are 
causally related to the maintenance and 
reéstablishment of functional and morpho- 
logic integrity of tissue in prophylactic and 
therapeutic procedures. 

210 East O4th Street (21). 
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The use of radiotherapy to prevent or re- 
move corneal vascularization is based on the 
production of obliterative endarteritis by ex- 
posure of blood vessels to the necessary doses 
of X rays or radium rays. Radiotherapy may 
be applied pre- or postoperatively or as the 
sole method of treatment. The treatment may 
be prophylactic, that is, given so as to pre- 
vent the formation of vessels, or it may be 
given only after corneal vascularization has 
become clinically appreciable 

In larger blood vessels, the endothelial lin- 
ing is the most susceptible of the various 
coats. Gassman,' who observed the first in- 
stance of obliterative endarteritis 50 years 
ago, described the microscopic changes of an 
artery in an X-ray burn: “Several days after 
irradiation, the nuclei of the endothelial cells 
become swollen, protrude into the lumen of 
the vessel, while the cell body undergoes 
vacuolization ; the swollen degenerated cells 
either desquamate into the lumen or prolif- 
erate, and the vessel becomes obliterated.” 

One of the most thorough miscroscopic 
studies of blood-vessel changes after radium 
therapy was made 25 years ago by Dobro- 
volskaia-Zavadskaia.*. She emphasized that 
vessel damage was especially prominent near 
foci of lightly filtered radium, that is, where 
the effect of beta rays was added to that of 
gamma rays. 

Beta rays were used therapeutically to ob 
literate vessels 20 years ago by Kumer and 
von Sallmann;* they successfully treated 
pterygia and hemangiomas of the sclera, 
with the use of a contact beta-ray radium 
applicator alone, More reece ntly, lliff,* Ruede- 
mann and Glasser,’ and others used beta 
rays from radon or radium applicators to 
occlude vessels nourishing benign lesions in 
the anterior ocular segment. Thus, Iliff ir- 
radiated vessels at the limbus and improved 
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6 of 9 chronic corneal ulcers secondary to 
acne rosacea keratitis; he also cured 17 of 
18 pterygia with the sole use of his beta-ray 
applicator. Clara Okrainetz reports 19 cases 
of pterygium treated in the radiotherapy de- 
partment at the Manhattan Eye, Ear, and 
Throat Hospital by beta rays from a new 
radium-D applicator.* 

During the past 14 years, we have ad- 
ministered postoperative roentgen therapy 
to 40 patients operated for pterygium by 
Dr. Castroviejo. Many of these patients had 
been operated on previously and the condi- 
tion had recurred. In 31 of these 40 patients, 
the treatment was prophylactic and was ad- 
ministered from 1 to 8 weeks postopera- 
tively. In the remaining nine cases, the treat- 
ment was given two weeks to three months 
postoperatively, at which time a visible re- 
currence of the pterygium had taken place. 
Postoperative roentgen therapy was success- 
ful in preventing recurrence in 20 of 31 
prophylactic cases. In the nine cases in which 
a visible recurrence had taken place, treat- 
ment caused the disappearance in four in- 
stances. 

Interest in obliterating corneal vasculari- 
zation by radiotherapy has increased with 
the greater development of corneal surgery. 


* in a review of the 


Owens and associates, 
combined results of 381 corneal grafts done 
in seven eye hospitals, found that only 36.5 
percent of corneal grafts remained clear. 
They concluded that “the percentage of clear 
grafts varied greatly with the cause of the 
corneal opacity.” 

Preoperative vascularization was one of 
the important causes of clouding of the 
graft. Thus, clear grafts resulted in about 
one half of the cases in which the cornea 


* See pages 55, 57, and 58 
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preoperatively showed no or slight vasculari- 
zation ; in about one fourth, in which vascu- 
larization was moderate. Only 1 in 10 
grafts remained clear when preoperative 
vascularization was extensive. 

Other causes of failure to obtain clear 
grafts were tabulated by Castroviejo." in 
1946, and corroborated by Owens and as- 
sociates in 1948. They postulated criteria 
which permitted classification of cases into 
favorable, less favorable, and unfavorable 
groups. 

In an effort to set up prognostic criteria 
for obliteration of corneal vascularization 
by radiotherapy, we studied 94 eyes in pa- 
tients operated on by Castroviejo, as well 
as some eyes of patients treated in the radio- 
therapy department of the Manhattan Eye, 
Ear, and Throat Hospital. Most of Cas- 
trovicjo’s cases were treated by X rays 
postoperatively ; those from the Manhattan 
Eye and Ear were usually given beta-ray 
therapy preoperatively. The results of the 
beta-ray therapy are described in detail by 
my associate, Dr. Okrainetz.* 


FACTORS INFLUENCING OUTCOME 
Three factors influenced the outcome of 
the treatment: (1) The condition of the 
cornea when treated, (2) the age of the 
capillaries, (3) and the technique of treat- 
ment. 


CONDITION OF CORNEA AT THE TIME OF 

RADIOTHERAPY 

The cases referred to us for postoperative 
roentgen therapy were usually those which 
normally tend to vascularize. Thus, cases of 
keratoconus or small central leukomas were 
not referred for prophylactic postoperative 
roentgen therapy, since corneal grafts under 
these favorable conditions usually remain 
clear without irradiation. Corneal vasculari- 
zation, however, did develop in 11 cases of 
keratoconus, and was obliterated by post- 
operative roentgen therapy in four of these 
cases. 


* See pages 53 to 56. 


Postoperative roentgen therapy was also 
successful in over one fourth (28 percent) 
of 77 other cases in which the preoperative 
diagnosis was corneal ulcer, chemical burn, 
or unknown cause, The results were best in 
those cases in which the preoperative cause 
of corneal opacity was infection and de- 
generation of the cornea or traumatic ulcer. 
Corneal vascularization was prevented or 
made to disappear in nearly two thirds of 
these cases—in 11 of 17 cases which pre- 
operatively had been classified as due to in 
fection or degeneration of the cornea, and 
in 6 of 11 cases due to traumatic ulcer. 

A keratectomy had been done in 81 in 
stances and a keratoplasty in 38 instances. 
Prevention or obliteration of corneal vascu- 
larization was successful in 40 percent of 
the keratectomies and 42 percent of the 
keratoplasties. Apparently the type of opera- 
tion did not affect the postoperative response 
of corneal vascularization to roentgen ther- 
apy. 


AGE OF CAPILLARIES 


Since newly formed capillaries consist 
mainly of endothelial cells, they are espe- 
cially sensitive to radiation. The older the 
capillary, the less radiosensitive it is likely 
to be. One would, therefore, expect that 
radiotherapy would be more effective as pro- 
phylactic treatment soon after excision, 
when capillaries are just beginning to form, 
than it would be after they have become fully 
developed. 

Postoperative prophylactic irradiation is 
started within 24 hours after keratectomy 
and several days to two weeks after kerato- 
plasty. The delay after keratoplasty is chiefly 
because of the fear of inadvertent trauma to 
the graft. Postoperative roentgen therapy 
for visible vessels is sometimes delayed from 
two weeks to three months postoperatively, 
to see if they will disappear spontaneously. 

In 75 instances in which radiation was 
given prophylactically after operation, 33 
patients or 44 percent did not develop 
vascularization postoperatively. It cannot be 
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claimed that all of these patients would 
have developed corneal vascularization if 
they had not been treated. It may be as- 
sumed that this would have occurred in 
many cases, however, for most of the pa- 
tients referred for prophylactic postopera- 
tive roentgen therapy have shown a pre- 
operative tendency to corneal vascularization. 
In 42 cases there were visible vessels when 
roentgen therapy was started; in 14 cases, 
or 33 percent, these vessels were obliterated. 

This seems to support the belief that it 
may be a little easier to prevent the forma- 
tion of vessels postoperatively than to oc- 
clude them after they have become fully de- 


veloped. 
CHOICE OF RADIUM OR X-RAY THERAPY 


The obliterative endarteritis produced by 
radium rays and X rays is similar. The 
depth to which these rays penetrate into the 
sclera and cornea varies. Most vessels in 
corneal vascularization are located within 
the first millimeter below the surface of the 
cornea. It is, therefore, advantageous to con- 
centrate as much of the radiation in this 
region as possible. It is also desirable not 
to allow much radiation to reach the lens, 
because of the danger of producing a radia- 
tion cataract. These two prerequisites are 
met by several types of radium and X rays. 

Radium emits alpha, beta, and gamma 
rays, which represent, respectively, 90, 4, 
and 6 percent of the total energy of radium. 
Alpha rays are absorbed by a sheet of writ- 
ing paper; beta rays by 0.5 mm. of gold; 
while the hard gamma rays will penetrate 
even 25 cm, of lead. 

Of the three types of radium rays, beta 
rays have recently been preferred for the 
treatment of corneal vascularization. About 
) percent of beta rays applied on the sur- 
face of the cornea reach a depth of one 
mm, Only 10 percent remain at a depth of 
five mm. Thus, beta rays concentrate at the 
site of corneal vascularization and are re- 
duced to a minimum at the level of the lens. 

A convenient source of beta rays is the 


so-called radium-D applicator recently used 
in the radiotherapy department at the Man- 
hattan Eye, Ear, and Throat Hospital and 
described by Okrainetz. The advantage of 
the radium-D applicator over the conven- 
tional radium or radon applicator is the 
minimal amount of gamma rays emitted by 
the radium-D plaque. 

The applicator is centered over the ves- 
sel at the limbus and held in contact with 
the globe for the duration of the treatment. 
If the patient does not maintain the eye in 
one position, it is best to hold the applicator 
by hand so as to follow the motions of the 
eye. If the applicator is in a rigid stand or 
attached to a lid speculum, the eye may be 
moved out of the irradiated field, unless 
constantly supervised. 

The chance of trauma from pressure of 
the applicator on a fresh graft increases 
with the duration of the individual expo- 
sure. Strongly charged applicators like the 
radon applicator of Iliff have the advantage 
of short treatment periods. Weak applica- 
tors, however, may be used just as effec- 
tively if the total dose is split up into 
several fractions and the shorter treatment 
is repeated daily until the desired total has 
been administered. This protracted treat- 
ment has the advantage of milder reaction 
of the conjunctiva; at the same time, it 
produces as satisfactory endarteritis of the 
vessels as occurs when the total dose is 
given by stronger applicators, in one or a 
few treatments close together. 

Severe conjunctival reactions may result 
if several adjacent fields are treated on the 
same day ; the fields overlap, for the treated 
area is always a little wider than the radium- 
D applicator. Another beta-ray source, now 
available commercially, is an applicator 
charged with radioactive strontium. We have 
not had any personal experience with it, but 
it is said to be satisfactory. 

Low voltage X rays differ in their ability 
to penetrate tissues depending upon the 
voltage at which they are produced. The 
voltage varies from Grenz rays, at 10 or 
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12 kilovolts (K.V.), to other low voltage 
X rays, up to about 100 K.V. 

The rays produced in an X-ray tube con- 
sist of a mixture of easily absorbable and 
penetrating rays. The former are absorbed 
in the superficial layers of the cornea and 
sclera, unless previously filtered out by the 
glass of an X-ray tube; the rays which 
get out of the X-ray tube may be stopped 
by the interposition of filters between the 
X-ray tube and the eye. 
tubes, for 
Grenz rays, have a special window so that 


Some X-ray for example, 


Post. surf. lens 


even easily absorbable rays may get out 
of the tube. Beryllium has recently been 
used as a window for X-ray tubes from 30 
to 100 K.V., as it does not stop easily ab- 
sorbable rays. Filters are unnecessary when 
treating corneal vascularization, because of 
the superficial location of the vessels. 
The distribution of radiation within the 
anterior ocular segment from X rays pro- 
duced at 25 K.V.,""° or those at 30 to 100 
K.V.° but with a beryllium window, resem- 
bles that from a beta-ray applicator; these 
are best suited for the roentgen therapy of 


corneal vascularization. 

Grenz rays at 12 K.V. do not reach the 
site of corneal vessels in amounts adequate 
for obliteration of corneal vascularization. 
This may be seen from Table 1 constructed 
by our hospital physicist, Lillian E. Jacob- 
son. This table also shows that, when 45 
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COMPARISON OF DEPTH DOSE VALUES FOR DIFFERENT RAYS: PERCENTAGE i 
OF SURFACE RADIATION AT VARIOUS DEPTHS 
X Rays 
Anterior Beta |_ tube)| (beryllium window 
— | 00KV.| 30KV. | 100KV. 
4 12 K.V Hvl.0.3 | Hvl.0.78  Hvl.0.06 Hvl. 0.08 
Al. | Al. AL. Al. 
é (contact | (contact | (contact | (contact | (contact | . 
| 9cm.) | 2cm.) 15 cm.) 15 cm.) 15 cm.) § 
‘ Post. surf. cornea 1 | 60 17 95 86 M 
i Ant. surf. lens 5 10 38 57 7.5 12 
Middle of lens 27 49 4.8 
9 43 3.2 
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K.V.***** or conventional glass X-ray tubes 
up to 100 K.V. are used, the proportion of 
radiation reaching the lens is considerably 
higher than when 25 K.V. are used, when a 
beryllium window is substituted for the glass, 
or when a beta-ray radium applicator is 
employed. 

We do not employ a filter for treatment 
of corneal vascularization, although we did 
use one in a few of the early cases, which 
we also radiated with higher voltages. For 
some of the patients, we used 100 K.V., 15 
cm. T.S.D.,* no filter. In most, we employed 


either 45 K.V., 3.4 cm. T.S.D., no filter; 
or 60 K.V., 10 cm. T.S.D., no filter, The 
last technique is the one we employ at pres- 
ent. 


INSTALLATION FOR TREATMENT 


With the patient lying on the back, sev- 
eral drops of two-percent pontocaine hy- 
drochloride are instilled into the eye to be 
treated. The cornea is carefully inspected 
with an enlarging lens. If vessels are pres- 
ent in only one narrow segment of the lim- 
bus or cornea, the X-ray beam is centered 


over this area. If vessels completely sur- 
round the cornea, the entire circumference of 
the cornea is irradiated in one large area or 
in several overlapping fields around the 
limbus. 


*T.S.D. = Target skin distance. 
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Special cones* are used to channel the 
X-ray beam to the desired area. These cones 
are made of brass, have an opening of one 
em. or less at the distal end, and a much 
wider proximal opening toward the X-ray 
tube. The wide proximal opening makes it 
more likely that the target of the X-ray 
tube will be centered over the distal open- 
ing. The distance from the X-ray target to 
the distal opening of the cone is 10 cm. 

After anesthesia is complete, the lids are 
separated by a speculum, and the cone of 
the X-ray tube is lowered to within a couple 
of millimeters above the cornea. Special care 
must be taken with keratoplasties so as not 
to traumatize the graft. Blepharospasm, 
photophobia, sudden movements of the pa- 
tient, all make correct installation difficult. 

The X-ray beam is primarily directed to- 
ward the limbus, although irradiation of a 
portion of the cornea cannot be avoided. It 
is difficult to protect that part of the cornea 
which is free of vessels and does not require 
irradiation. We have tried to use lead discs 
over the center of the cornea, but have found 
them unsatisfactory. Many patients are un- 
able to keep their eye in one position for 
any length of time and tend to move it out 
of the field of irradiation 

If part of the cornea is protected by lead 
shields and the eve is moved the slightest 
bit, the narrowed field exposed to the X rays 
makes it more likely that the vessels of the 
limbus will be outside of the irradiated area. 
The X-ray exposure takes only a few sec- 
onds and the patient can usually hold still 
long enough for the treatment. 

Protection of the uninvolved cornea is 
nearly as difficult when irradiating with beta 
rays, except that the irradiated area may be 


a little narrower. 


Dosace 
Damage to blood vessels varies with the 


radiation dose, that is, the amount of radia- 


* These cones are manufactured by B. Odmann 
of Leonia, New Jersey 
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tion reaching the vessel and the time in 
which this is administered. Damage is 
marked if the amount of radiation is great 
and the entire treatment is given in a single 
exposure. The injury is milder if the amount 
of radiation is less, or if the total dose is 
fractionated over several treatments. At first 
our total dosages did not exceed 600 +; 
later, however, we gradually raised it to 
1,500 r, which remains our usual dosage 
at present. 

When all the cases we have treated are 
divided into those which received more than 
600 r and those which received less than 
this amount, we find that corneal vascular- 
ization was prevented or obliterated in 44 
percent of the 83 cases in which the higher 
dosage was used and in only 20 percent of 
the 44 cases in which the lesser dosage was 
used. In seven cases in which there were 
visible vessels and which received 500 r or 
less, there was only one instance of oblitera- 
tion as compared to 12 of 35 cases in which 
the vessels were occluded when more than 
500 r were used. It would seem, therefore, 
that prevention and obliteration of corneal 
vascularization is more likely to be success- 
ful with X-ray doses which are higher than 
500 r or 600 r in air with unfiltered X rays 
of 45 to 100 K.V. 

Of 26 prophylactic cases, corneal vascu- 
larization was prevented in 58 percent when 
dosage varied between 800 r and 2,000 r. 
This result was obtained in only 41 percent 
of 49 patients when lesser dosage was used. 
Castroviejo, who has followed most of these 
patients, has not observed the formation of 
a cataract even in those receiving the highest 
dosage. Nevertheless, we rarely go above 
1,500 r with 60 K.V., no filter, 10 cm. T.S.D., 
and we do not like to repeat the treatment 
except after an interval of several months 
when the tissues have presumably recovered 
somewhat from previous irradiation. 

The treatment is usually started with a 
daily dose of 250 r and then is repeated six 
times on consecutive days, Sunday excepted, 
until the dosage is 1,500 r. This daily dose 
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is given irrespective of whether 45, 60, or 
100 K.V. are used. It is advisable to start 
with less dosage if the eye shows marked 
chemosis of the conjunctiva and the postop- 
erative reaction seems to be acute. 

With the 10 mg. radium-D applicator 
which gives off 200 roentgen equivalents 
(r.e.) per minute, the usual daily exposure 
is five minutes for a total of 1,000 re. A 
longer exposure is not tolerated quite so 
well. The radium-D plaque at the Manhattan 
Eye, Ear, and Throat Hospital gives off 300 
r.e. per minute and five minutes of treatment 
would result in a dosage of 1,500 r.e. It is 
difficult to postulate a rigid dosage schedule 
for beta rays. We have seen vessels dis- 
appear after a mere 1,200 r.e. and have seen 
other vessels remain prominent until 5,000 
to 6,000 r.e. had been administered; 6,000 
r.e. has been the upper limit usually given 
to most of our cases treated with the radium- 
D beta-ray applicator. 


SUMMARY 


A review of the literature and of our own 
experience with the use of beta rays and low 
voltage X rays to prevent or obliterate cor- 
neal vascularization leads us to believe that 
the result of this treatment is influenced 
chiefly by three factors: 

1. The condition of the cornea at the time 
of irradiation and the preceding cause of the 
corneal opacity, The results are best if the 
opacity is due to infection or degeneration 


of the cornea or to traumatic ulcer. In these 
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BETA IRRADIATION OF THE EYE USING THE 
RADIUM-D APPLICATOR* 


Ciara L. Oxrarnetz, M.D. 
New York 


In the field of ophthalmology, the radio- 
therapist has always sought a type of irradi- 
ation which could be applied with benefit to 
the superficial structures of the eye without 
causing damage to the underlying tissues. 
Grenz rays and the low voltage X rays have 
been used. More recently beta rays have been 
tried, Beta rays are absorbed in the first three 
mm, of tissue and do not penetrate any 
deeper. It seems, therefore, that beta irradi- 
ation is ideal for treating corneal lesions 
without danger of producing a cataract. 

There are several beta-ray applicators in 
use at the present time. In 1940, Burnham’ 
designed an applicator containing radon as a 
source of beta irradiation. This is the appli- 
cator used by Iliff* in Baltimore. Burnam’s 
method, however, depends upon access to a 
large radon plant which is not available to 
every one. Commercial companies make high 
charges for supplying a similar bulb. 

A new applicator, introduced recently, is 
supposedly a source of pure beta rays with- 
out the admixture of gamma rays. This is 
the radium-D applicator now used at the 
Manhattan Eye, Ear, and Throat Hospital. 
It is made of radium-D which has a half- 
life period of 22.2 years. According to Pro- 
fessor Evans® of the Massachusetts Institute 
of Technology, this applicator is a source of 

*From the radiotherapy department and the 


corneal clinic of the Manhattan Eye, Far, and 
Throat Hospital. 


practically pure Beta rays, since 99.9 per- 
cent of the total ionization produced by the 
ordinary radium-D applicator is due to the 
beta rays; the feeble gamma radiation pres- 
ent has a quantum energy of only 0.047 mil- 
lion electric volts (Mev). 

The radium D is encased in a Monel box, 
the window of which is 5.6 mm. in diameter 
and covered with a thin layer, 0.05 mm., of 
aluminum (fig. 1). This permits a maximum 


Fig. 1 (Okrainetz). Radium-D applicator. 


amount of beta rays to emerge from the 
applicator. 

The applicator, D129, used at the Man- 
hattan Eye, Ear, and Throat Hospital, con- 
tains 20 mg. of radium D and was measured 
by Professor Evans in April and May, 
1948.* It emits between 18,100 and 18,300 
roentgen equivalents per hour, or 300 per 
minute. A roentgen equivalent (r.e.) may 
be defined as that amount of beta radiation 
which, under equilibrium conditions, releases 
in one gm. of air as much energy as one 
roentgen of gamma rays. 
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After a mild anesthetic is used, the ap- 
plicator is placed in direct contact with the 
cornea at the limbus for a sufficient number 
of minutes to give an average of from 900 
to 3,000 roentgen equivalents per treatment, 
depending upon the lesion to be treated. 

Dr. H. M. Katzin and I began using the 
radium-D applicator on rabbits in March, 
1948, at the Manhattan Eye, Ear, and Throat 
Hospital. A dose of about 6,000 r.e. frac- 
tionated over three weeks was established as 
sufficient to obliterate corneal vessels and 
yet be well tolerated by the surrounding 
tissues. The radiotherapy department started 
to use the radium-D applicator clinically in 
May, 1948. 

Beta irradiation is known to be very effec- 


Fig. 2 (Okrainetz). Case 1. Before treatment. 
Corneal opacity with marked vascularization. 


tive in occluding corneal blood vessels, es- 
pecially if they are newly formed. This 
method of treatment proved to be of great 
benefit in keratoplasties. 


CASE REPORTS 


In the following case of long-standing 
corneal opacity with vascularization, the ves- 
sels were successfully occluded with beta ir- 
radiation to the limbus before a corneal 
transplantation was done. 


Case | 

J. I. (No. H-35453). This 38-year-old 
patient had a lime injury of the right eye 
of 20 years’ duration. When he was admitted 
on December 10, 1947, the cornea was opaque 


Fig. 3 (Okrainetz). Case 1. After treatment. Ves- 
sels are obliterated at the limbus. 


and vascularized. There were multiple ad- 
hesions of the upper eyelid (fig. 2). 

Unfiltered X-ray therapy, (40 K.V., 5 
M.A., and 10 cm. T.S.D.*) was first tried 
in 500 r to 600 r doses twice a week. A total 
of 3,800 r was given between December 
10th and 24th. There was general improve- 
ment but the vessels had not changed, Beta 
irradiation was, therefore, started in March, 
1948, 

Five fields at the limbus between the 1- and 
7-o’clock positions were treated from March 
3, 1948, through April 27, 1948. A total of 
6,300 r.e. to each of two fields and 3,000 r.e. 
to each of three fields was given. The eye 
was then considered ready for keratoplasty 
(fig. 3) which was done on October 19, 1948. 
There was no delay in healing (fig. 4—No- 
vember 1, 1948). This case illustrates that the 


* T.S.D. = Target skin distance. 


Fig. 4 (Okrainetz). Case 1. After 
corneal transplantation. 
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Fig. 5 (Okrainetz). Case 2. Before treatment 
Corneal density with multiple hairlike blood ves- 
sels. 


rather heavily irradiated surrounding tissues 
could stand surgery well and that no appar- 
ent damage was inflicted on the tissues. 


Occasionally the occlusion of the corneal 
blood vessels causes sufficient clearing of the 
corneal opacity with resultant improvement 
in vision, making a corneal graft unneces 
sary, as illustrated in the following cases 
The first is that of a recent injury and the 
second is of an injury of long standing. 


Case 2 


R. M. (No. J-2599). This patient was ad- 
mitted on February 5, 1948, with a history of 


lime injury of the right eye in August, 1947. 
There was a nebulous opacity of the whole 


cornea, with a dense area in the lower half 


There were numerous fine, hairlike blood 


Fig. 6 (Okrainetz). Case 2. After treatment 
Obliteration of the blood vessels at the limbus with 
thinning of the opacity 


vessels in the corneal tissue extending to the 
pupillary area and including almost the en- 
tire circumference (fig. 5). Vision in the 
right eye was 5/200. 

The eye was first treated with unfiltered, 
very superficial X rays, using 40 K.V. and 
10 cm. T.S.D. A total of 1,350 r was given 
between February 5 and 20, 1948. Because 
no essential change was observed, beta ir- 
radiation was started. 

Six fields at the limbus were treated be- 
tween June 14th and July I4th, each field 
verving between 1,800 r.e. to 4,200 r.e. 

s the opacity gradually became thinner, 
visicn improved. On December 28, 1948, 
vision in the right eye was 20/70; on July 
15, 1949, plano, 20/70. At the present time 
vision in the right eye is 20/50 (fig. 6). 
Keratoplasty was not considered necessary. 


Case 3 

T. V. (No. H-4579). This patient was 
referred for obliteration of the corneal blood 
vessels before a corneal transplantation could 
be contemplated. He had an aphakia and old 
corneal injury of the left eye with vascular- 
ization of a corneal leukoma. His chief com- 
plaints were attacks of photophobia and 
blurred vision. Vision in the left eye was 
3/400, 

A brush of vessels came down into the 
cornea from above and at the 3-o’clock posi- 
tion. The vessels were superficial toward the 
center of the cornea and deep in stroma 
toward the periphery (fig. 7). 

Beta irradiation was administered to each 
of two fields at the limbus from the 11- to 12- 
o'clock and the 12-to 1-o’clock positions. A 
total of 8870 r.e. was given to each area 
between April 5, 1948, and May 4, 1948 
(fig. 8). Another 3,000 r.e. were given at 
the limbus at the 3-o’clock position on Sep- 
tember 2, 1948 (fig. 9). 

The treated areas became avascular and 
the opacity thinner. The eye became symptom 
free, “not a bit irritated.” The patient could 
work as a farmer without any photophobia. 
Vision in the left eye on April 27, 1949, was 
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20/200 in comparison with 3/400 on admis- 
sion. Because of the marked symptomatic 
improvement, keratoplasty in the presence of 
the aphakia did not appear to be indicated. 


Table 1 lists other cases of corneal opa- 
cities with vascularization treated by beta ir- 


Fig. 7 (Okrainetz). Case 3. Before treatment. 
Leukoma and corneal vascularization with a brush 
of vessels coming down into the cornea from above 
and at the 3-o’clock position. 


radiation and resulting in obliteration of 
blood vessels. The amount of irradiation used 
in our series depended upon the duration 
of the condition. If the scar and vasculariza- 
tion were of long standing, they required 
more intensive irradiation. Newly formed 
blodd vessels, on the other hand, were more 
radiosensitive and responded easily to lower 
doses. Our tendency now is to keep the total 
dosage down to about 6,000 r.e. to one field 
given within about three weeks. In most of 


Fig. 8 (Okrainetz). Case 3. After treatment. 
The treated areas became avascular and the opacity 
thinner. 


Fig. 9 (Okrainetz). Case 3. After treatment 
Obliteration of the vessels at the limbus and thin- 
ning of the opacity 


the cases this is sufficient to occlude the ves 
sels. 

Beta irradiation proved to be of great 
value in the treatment of pterygia and pseu- 
doptergyia, and, in most cases, made surgery 
unnecessary. 


Case 4 


M. B. (No. J-17765). This patient had a 
pterygium of the nasal half of the right eye 
(fig. 10). Three fields were treated between 
June 28, 1948, and September 13, 1948, One 
area at the limbus received 6,000 r.e. in two 
treatments; the second area near the car- 
uncle received 4,500 r.e. in two treatments ; 
and the third area just below the first re- 
ceived 5400 r.e. in two treatments (fig.11). 
When last seen on January 13, 1949, the 
result was excellent and surgery was not 
indicated. 


Fig. 10 (Okrainetz). Case 4. Before treatment. 
Pterygium of the right eye. 
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TABLE 1 
CASES OF CORNEAL OPACITIES WITH VASCULARIZATION TREATED WITH BETA IRRADIATION 


AND RESULTING IN OBLITERATION OF THE BLOOD VESSELS 


No. of Treatments 


| Age | Date of 
Name (years) Admission Lesion and Dosage Result 
small area of opacity with vessel, 5,400 re, 4,800 and to Occlusion of vessel 
following herpes soster 3 fields 
EA iy 6/14/44 | Corneal scarring with numerous ves- | 5,400 re. and 4,800 re No follow-up 
sels, due to bomtnng 
AK sO 11/24/48 | Opacity of upper segment with vessel | 1 field: 5,100 re Vessel obliterated. Opacity 
into it thinned 
JK Sa 1/17/49 | Corneal opacity with vascularization. | 5 fields at limbus: 6,000r¢ tocachof Treated vessels obliterated 
Lye injury | 3 fields and 1,500 re. to each of 2 General improvement 
heids 
be | of 2/23/49 | Bilateral corneal vascularization. | ©.S.: treated at limbus. 4 fields: 3,000 | Improvement in vision. Obliter- 
Erythema multiforme 16 years ago te each, and 2 fields: 1,500 r.¢ cach. | ation of vessels 
M.S 6 3/ 9/49 | Vascularization of cornea since ulcer | 1 field: 5,700 re Vessel obliterated 
| in October 1948 
& ss | 4/ 5/49 | Corneal of years’ stand areas to limbus: 5,400 | Vessels obliterated. Eye im- 
ing . ewels upper limbus. Irritation | 3,900 re 2,700 re | proved considerably 
a Ol 
Ww 46 5/10/49 | Corneal opacity with vascularization. | O.S.: 4 fields at limbus: 3,000 rec To be followed in the fall 
| Carbon oxide injury 12 years ago. | each to 2 fields and 4,800 rc. each to 
2 helds 
©_D.: first had a lamellar graft; then 
4,800 re. to | field and 1,800 r.¢. to I 
| held. 
DD] 7/ 8/48 | Adherent leukoma with vasculariza 3 fields at limbus in 2 months: 5,000 | Complete blanching of vessels 
bon re, 5,900 re. and 5,400 re, respec Eye ready for transplant. 
| tively 
| 
uM 7 12/27/48 Corneal opacity with vascularization $ felds at limbus in § months: 5,100 | Obliteration of vewels. Ready 
| Injury end of July rc, 6,600 re. and 6,000 re for transplant 
AD SS | 12/29/48 | Small opacity with vascularization 1 held at limbus: 5,600 r ¢ in 2 treat Improvement in vision 
ments 
Ls © | 12/15/48 | Bilateral corneal opacity with vascu- | O.D.: 2,700 r.¢., 6,000 re, to each of | Improvement. Sent home for 
larization. Injury O.D., April, 1947 fields 6 § months 
Totally blind —O.S.. Lamellar kera OS: 4,500 © ©. to each of 4 fields fol Later a penetrating graft is 
tectomy 12/16/48 lowing keratectomy planned 
41 | adhesions with vasculariza 2 helds: 1,500 re. and 2,400 re, re Improvement 
| tron of bulbar and palpebral conjunc. | spectively 
tivas Opacity of cornea following in 
| jury with sulphuric acid. 
DM.| 2 10/11/48 Adherent leukoma with vasculariza 7,200 re in 3 treatments | Improvement in vision 
tion. Lamellar graft 
AJ | » 8/11/48 Bilateral corneal opacity with vascu- | O.D 6,000 re. to 2 fields Improvement in vision 
larization Injury months ago OS.: 3 elds: 6,000 1,800 re and | 
5,000 re 
LG $6 | 3/ 2/49 | Bilateral corneal vascularization, due | O.D.: 5 fields upper limbus: (1) 6,900 | Obliteration of vessels 
to trachoma ¢.; (2) 3,000 fe. to 3 fields; and (3) | 
| 
| O.S.: 2 felds; 3,000 and 2,700 
GB 4 9/27/48 Bilateral corneal opacity of vessels O.D.: 3 fields at limbus: 5,400 re to | Vessels disappeared. Lamellar 
| 2 helds and 1,500 re to feldin graft, 26/49. Penetrating, 
weeks | 4/29/49 
Graft became cloudy and vascular- | Additional | honey 2 fields: 3,900 | Partial clearing of graft 
taed | fe and 4,204 
LK 49 =| 10/20/48  Keratoplasty 7/19/48. Irritation of | 3 fields to corneal vessels entering Last seen on 5/25/49. Improve- 
eye. Opacity of graft with graft: 5,700 re, 4,500 rc, and 1,500 | ment. Eye became quiescent 
ization, | mo. ire 
SG 9 8/15/48 Corneal vascularization following | 3 fields: 5,400 re, 5,400 re, and | Occlusion of vessels 
transplant for keratoconus, March | 2,700 re 
A.O 48 4/10/48 Corneal opacity; postlamellar kera 1,800 to 2 fieids No follow-up 
toplasty | 
AN ” 2/16/49 | Corneal transplant 1/20/49. ¢ city | 2,400 re. at 12 o'clock; 2,400 r.¢ at | Improvement. No further fol- 
of upper ridge of graft. V ati soe low-up 
o cloc 
ALF 7s 2/25/49 | Corneal tran: t 1/21/49. Cloud Shelds:6,000r 5. 400'r.¢,and1,800 Treated vessels obliterated 
ing of lower rm of graft. Vesselat 7 re 
o dock 
G.G 06 4/7/49 Fine deep vascularization argyrtosis helds: 2,700r.¢., 100 , and 3,000 | Improvement. Blanching of 
Graft 3 te | vessels. 


2/49. Vessel entering graft 
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Case 5 


J. A. (No. H-24220). This patient was 
admitted on May 5, 1948, because of pteryg- 


Fig. 11 (Okrainetz). Case 4. After treatment. 
The result was excellent and surgery was not in- 
dicated. 


ium of the left eye of several years’ dura- 


tion (fig. 12). Beta irradiation was given to 
each of three fields between May 5, 1948, 
and August 10, 1948. The area next to the 
limbus received 8,550 r.e., and two areas 
medial to it received 4,800 r.e. each. The 
reaction following the treatment was rather 


Fig. 12 (Okrainetz). Case 5. Before treatment 


Pterygium of the left eye. 


mild. Complete clearing of the pterygium 
was obtained (fig. 13). 

When last seen on July 12, 1949, there 
was no evidence of recurrence (fig. 14). 

In cases of pterygia where a_recur- 
rence is seen after operation, beta irradiation 
is especially valuable. 


Fig. 13 (Okrainetz). 
Complete clearing of 
tained. 


Case 5. After treatment 
the pterygium was ob- 


Case 6 

J. M. (No, J-15141). A 25-year-old man 
was admitted on June 2, 1948, because of a 
recurrence of pterygium of the nasal half of 
the left eye. Two removals had been done, 
one in 1947, and the other in 1948, four 
months prior to admission (fig. 15). Therapy 
was instituted, and four fields were irradi 
ated between June 2nd and September 7th. 
The area over the limbus received a total of 
10,200 r.e. in four treatments. The area next 
to the caruncle received 3,000 re. and the 
other two fields received 4,800 r.e. and 1,800 
r.e., respectively. The patient was seen last 
on October 18, 1948. The result was excel- 
lent (fig. 16). 

Table 2 


shows the results of 16 other 


Fig. 14 (Okrainetz). Case 5. After treatment. 
When the patient was last seen, there was no evi- 
dence of recurrence of the pterygium. 
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TABLE 2 


CASES OF PTERYGIUM TREATED WITH BETA IRRADIATION 


Nae Date of Symptoms and 
Name (yease)| Admission Operated Therapy Result 
42 7/ 8/48 ~=Pterygium with irration of | 6/24/48 Field: 7,$00 rc. in 3 treat- | Excellent. 
eye ments, Field 2: 4,500 r.¢. in | 
2treatments. Field 3: 3,000 | 
r.c.m | treatment j 
wiG 47 5/18/48 | Recurrent pterygium of 10 | Cauterized $ years | Sfieldsin 2 months. 3 treat- | Excellent 
years’ duration, O.D | ago. ments: 5,000 rc, 5,900 re. | 
| and 4,200 re 
oT 8/24/48 | Thick red fleshy growth | (1) a year ago | 2 fields: 5,400 and 3,600 | Marked improvement 
sal half, OS | (2) 4 days ago. | te 
2 fields: 2700 each. 
Is 20 9/22/48 | Pterygium 7 months’ dura- | None | 4 fields in 6 weeks: 2,400 | Excellent. 
Leon re, 2,100r. 5000 re, | 
| and 5,000 re 
49 | 1/48 | Recurrent pterygium | 3 times | 2 fields: 4,800 r.¢ and2,700 | Marked improvement 
| te 
| 12/ 7/48 | Pterygium O.S., 4 mos None fields: 4,800 re, 2,700 | Good 
| re. and 2,400 re | 
KB $1 11/29/48 | Bilateral pterygium &-10 | None | O.S.:2 fields: 6,000 r.e. and | Marked improvement 
years 3,300 re, O.D. 1 field: | 
| 2,700 re | 
DH 25 $/23/49 | Pterygium incompletely re- | Feb. 1949 2 fields: 5,100 r.e. and 2,400 | Cysts removed 6/21/49 
moved Feb, 1949. Few re to speed recovery 
MF w 4/25/49 | Pterygium O.S.: few years | None 3 fields: $400 re, 2,400 | Insufficient follow-up 


duration 


1/11/49 =Pterygium None 


Du 4s 1/10/49 Bilateral pterygia 


Bilateral pterygia. O.D None 
pterygium invading cornea, 
not highly vascularized 


EW 1/49 


OS. in Jan. 1949 


Pterygium removed 9 
mos ago. Vasculariza- | 


re, and 1,500 re 


2 fields: 5,400 and 3,000 | Improvement; no fol- 
re low-uf 
OS. treated: 2 fields: 2,700 | No follow-up 
re. and 5,000 re 
O.D.: 3 fields: 3,000 re, | Marked improvement 
5,700 re, and 5,400 re 


4 fields: 5,100 re. 4,200 | Marked improvement 
re, 3,000 re, and 5,400 
te 


1 field: $,100 Improvement 


tion cauterized $ mos 


1/18/49) -Pterygium O.D., O.S. re None 
moved because of shrapnel 
injury 
LA 6/10/49 Pseudopterygium outer half 
O.D., 2 yrs. 9 mos 
ago 
DG 46 10/ 7/48 Pseudopterygium | None 
wou 4/27/49 = Pinguecula None 


cases of pterygium treated with beta irradia- 
tion. 


Beta irradiation has also proved to be of 
great benefit in some cases of chronic corneal 
ulcers in which stromal infiltrates are pres- 
ent, Deep and superficial vessels from the 
limbus find their way into these infiltrates. 
\pplication of beta rays at the limbus often 
produces occlusion of the vessels and, with 
the decrease in vascularity, improvement of 
the ulcer follows. 


* X. G. (No, ]-23996). A man aged 31 


| 
2 fields 2.1008 e.and 1,800 | Excellent 


| 


1 field: 3,900 re Improvement 


years, was admitted to the eye clinic in Au- 
gust, 1948, with a history of corneal ulcer of 
the left eye of three months’ duration. The 
ulcer developed following a sore throat. He 
was treated by a private physician with peni- 
cillin and tropical applications without any 
result. When seen at the clinic, the eye looked 
angry. Ulceration of the center of the cornea 
with staining was present. Injections of milk 
were given without any improvement. He 
was then referred for a trial with irradia- 
tion. 

When seen in the radiotherapy department 
in September, 1948, his chief complaints were 
marked photophobia, pain, impairment of 
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BETA IRRADIATION OF THE EYE 


vision, and excessive lacrimation. He stated 
that he had not been able to work for about 
four months. Examination revealed the left 
eye to be congested. There was deep ulcera- 
tion of the cornea just below the pupil, with 


Fig. 15 (Okrainetz). Case 6. Before treatment. 
Recurrent pterygium of left eye 


extravasation of blood into the cornea and 
“hipping of tissue” in the pupillary region 
( fig. 17). 

On September 16, 1948, after anesthetizing 
the eye with pontocaine, the radium-D ap- 
plicator was applied to the limbus at about 


Fig. 16 (Okrainetz). Case 6. After treatment. The 
result was excellent 


the 6-o'clock position for five minutes, About 
1,500 r.e. were given to a field 5.5 mm. in 
diameter. Four days later definite subjective 


improvement was noted. The pain and lacri- 
mation were less marked and vision seemed 
to have improved. The ulcer had flattened. 
The treatment was repeated in a week. Fol 


Fig. 17 (Okrainetz). Case 7. Before treatment. 
Deep ulceration with extravasation of blood into 
the cornea 


lowing this second exposure his condition 
further improved. For the first time in 3 
to 4 months, the eye was kept wide open 
without irritation or pain. The corneal abra- 
sion disappeared. A few dilated vessels were 
seen in the lower sclera with one single 
vessel running into the cornea from below at 
about the 6-o’clock position, This was treated 
on October 20, 1948, about one month after 
the first two exposures, and an additional 
2,400 r.e. were given (fig. 18). The patient 
is symptom-free and is back at work, When 
last seen on May 11, 1949, only a thin opac- 


ity Was present. 


Case 8 

A. D. (No, E-4447). A woman, aged 62 
years, had had recurrent ulcers of the left 
cornea since February, 1944. The first time 


Fig. 18 (Okrainetz). Case 7. After treatment. 
The corneal abrasion disappeared. When last seen, 
only a thin opacity was present. 
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she responded rather well to conservative 
treatment. In May, 1948, a dendritic ulcer 
appeared at the center of the cornea and 
persisted for several months in spite of topi 
cal, as well as systemic, therapy. 

When seen in the radiotherapy department 
on October 19, 1948, the entire eye was in- 
jected. An old scar in the center of the 
cornea, with a pannus at the upper segment, 
was present. There was a recurrent ulcer 
with opacity above it, at about the 5-o’clock 
position (fig. 19). She complained of pain, 
photophobia, and lacrimation. 


Fig. 19 (Okrainetz). Case & Before treatment 
A recurrent dendritic ulcer at about the 5-o'’clock 
position. 


TABLE 3 
CASES OF KERATITIS TREATED WITH BETA IRRADIATION 


No. of Treatments 


Duration Before 
and Dosage 


Treatment 


Date of 
Admission 


Age Results 


(years) 


Findings: Lesion 


A few months. Recur- 


rent ulcer OS 


Four months. 


| 4months. Corneal ulcer | 
OD | 


Inflammation on and 
off $-6 years O.D 


Iritis and corneal ero- 
sion after foreign body 
injury 5) mos. Cauter- 
ization. Pain 


& months’ duration of 
conjunctivitis, followed 
by scarring of cornea 


6 weeks Corneal ulcer 
OD. Failed with con 
servative treatment 


Blurring of vision O.S., 
18 months 


Photophobia and lacri 
mation O.D. Nov. 1948 
and again on 3/9/49 


Iritis and keratitis O.S., 


| Apeil 194 


Pain, photophobia, la- 
crimation, blurred vi 
sion, 


Pain; lacrimation O.S 


Vascularization with 
small opacities in cor- 
nea, 5 


| Keratitis with vasculariz 
ation at 5 o'clock. 


| Herpetic ulcer of cornea, 
OD. 
tion 


Opacity and vascularisa- 
tion 


with vasculariza 


Slight opacity over pupil 
| Vessel towards it, 7 
o'clock 
Indentation at limbus 
opacity 


Keratoconjunctivitis. Pan 
nus 9-12 o'clock. A few 
opacities of cornea 


Uleer. Vessels at 8-9 o° 
| clock 


Slight opacity upper seg- 
| ment of cornea; intersti- 
tial keratitis 


Opacity of lower half of 
cornea with ulceration? 
Vascularization 


Opacity | in pupallary area 
A vessel from limbus into 
it 


Chronic keratitis with if 
fuse punctate irregularity 
of corneas. Vasculariza 
tion 


Cataract since 1932. Cor 
neal infiltrations and vas- 
cularuzation. kera- 
tites 


Sclerosing keratitis 


| S fields at limbus 


5 treatments to limbus 
over 5 weeks: 5,900 re 
total 


? treatments to limbus in 
r.e. doses over 3) 
months. 


3 treatments to 2 fields 
over 2) weeks: 5,000 re 
each 


3 treatments over | field 
5,100 re 


3 fields 
treatments, 5 weeks; 2,100 
r.¢. in 2 treatments; and 
900 r.c. in | treatment 


3 areas at limbus’ 3,000 
re. 3,300 re. and 4,300 


re, 3 treatments in 6 | 


weeks 


1,600 and 
to each of 3 


Wore, 
4,200 re 
helds 


1,200 


©, re, 


| 3,600 re. and 4,500 re 


1 held at limbus at 6 o' 
clock: 6,000 re in 3 treat 
ments 


At Mayo Clinic: 100 me 
sec. in July. At Manhat 
tan Eye, Ear & Throat 
Hosp. treatments to 
same held: 7,800 re 


heics were treated: 3,600 


§,100 and 5,100 
re 


2 fields: 5,400 r and 900 


| re 


1 field: 4.800 re 


3,600 re. in 
| gry and painful 


Cured. Only slight opacity 
when last seen 6 mos. later 


Cured 


Improvement 


Eye became quiescent 


Failure. Eye remained an 


Improvement. Blanching 


vessels 


Improvement in 
Eye quiescent 


Vision 


Vessels obliterated. No im- 
provement in vision 


Marked improvement 


| Opacity thinner 


General improvement Ves 
sel still present. In July, 
1949; no attacks 


Considerable symptomatic 
improvement. Deep seated 
vessels still present 


Considerable umprovement 
Deep seated vessels visi 


Vessel obliterated. Opacity 
unchanged 
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BETA IRRADIATION OF THE EYE 


After one application of beta rays to the 
limbus and cornea for six minutes, giving 
a dose of 1,800 r.e., there was marked relief 
of symptoms. The eye looked better. With 
two additional treatments given at 8- to 10- 
day intervals, the eye became practically nor- 
mal. She received a total of 4,500 r.e, in 20 
days. She has remained symptom-free since 
her last treatment. Except for a small area 
of slight opacity, the eye shows no abnormali- 
ties. Her vision is 40/70. (fig. 20). 


In cases of interstitial keratitis treated 
with beta rays, no appreciable improvement 
was noted. 

Table 3 shows the results of 13 cases of 
keratitis treated with beta irradiation. 

The mode of action of beta irradiation in 
keratitis is speculative. It has been pointed 
out that the beta rays increase the antibody 
reaction in the cornea, and it may be that 
the beneficial result is obtained in this way. 
Or, perhaps, the treatment at the limbus 
produces occlusion of the vessels and, with 
the decrease in vascularity, improvement fol- 


Fig. 20 (Okrainetz). Case 8 After treatment 
Seven months later, the eye shows no abnormalities 
and there is only a small area of slight opacity. 


lows. Whatever the mode of action, I believe 
it is worthwhile to try beta irradiation in 
every case of keratitis when the more con 
servative treatment fails. 

Excellent results have been obtained in 
vernal catarrh, Recurrences are less frequent 
and, when they do occur, they are of shorter 
duration and not so severe. 


Case 9 
J. Z. (No. K-14272). This nine-year-old 


Fig. 22 (Okrainetz). Case 9. After treatment. There was marked improvement. 
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Fig. 21 (Okrainetz). Case 9. Before treatment. Bilateral vernal catarrh. a 
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TABLE 4 
CASES OF VERNAL CATARRH TREATED WITH BETA IRRADIATION 


Age Date of Symptoms and 


Name (years)! Duration Findings Therapy Result 
MG i 4/48 Itching, irritation, | Multiple large excres- Prior: Medication. Sev- Marked improvement 
charge 4 years’ dura cences of both upper lids eral operations. March, 
on 1948: X-ray therapy, 900 


May, 1948 Exaggera- Multiple large excre May, 1948: Left: X-ray Improvement for a whole 


tion of symptoms cencesol both upper lids. 800 r. Right: Beta rays year. May, 1949, slight re 
held 1: 9,600 re., field 2 currence controlled by ad 
j 1,800 re, field 3: 1,800 | renalin and drops 
| 


re 


Itching, watering “thick | Multiple excreseences of | 6/25/48-8/24/48 Complete relief of symp- 


matter” in the mornings | pesos conjunctivas, Right: 2 fields, 11,000 re toms with flattening of ex 
since September, 1947 vlateral each. Left: 2 fields, 11,000 | crescences May 1949, 
i re. each mild recurrence of symp- 
| toms 
= A a | S/ 2/49 | Pain, discharge, anditch- | Multiple excrescences of | Right: X-ray: 60 K.V., | Right: Improved but not 
ing on and off for 5 years. | both upper eyelids. Eyes | 1,800 r | completely 
: red and congested Left: Beta rays: 3 fields: | Left: Complete relief of 
2,400 2,400 and | of symptoms, 
2.700 re | 
| boy was admitted on May 17, 1949, com CONCLUSION 
plaining of “running eyes” itching o . . 
| f ind In conclusion, the radium-D applicator is 
two years duration, Examinat« eveale . 
: : luration. amination revea an effective source of beta irradiation and 


excrescences of both upper eyelids, the left has proved to be a valuable adjunct in the 


| more than the right (fig. 21). He was given treatment of benign lesions of the super- 


j beta irradiation to the eyelids, protecting  ¢-i9) structures of the eye. In no case treated 


at the Manhattan Eye, Ear, and Throat Hos- 
pital was there injury to the underlying or 
adjacent tissues. 


) the eyeball. Each lid was treated over two 
} fields and received 2,100 r.c. and 1,500 r.e., 
| respectively, between May 17, 1949, and 
July 28, 1949, in three treatments. When 


210 East 64th Street (21). 

| seen last on September 22, 1949, there was ie 

} marked improvement (fig. 22). I acknowledge with thanks the work of Mr. Don 

on ; Allen, medical photography department, Manhattan 
Table 4 lists three other cases of vernal Eye, Ear, and Throat Hospital, who made all the 

' catarrh treated with beta irradiation. photographs for this paper. 
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PRESENTATION OF CASES* 


R. Towntey Paton, M.D. 
New York 


An attempt has been made, in presenting 


these cases, to select a few typical cases and ’ 

also a few cases that, up until recently, were 

considered inoperable because of complicat- . A 

ing factors. 
*From Manhattan Eye, Ear, & Throat Hospital 


Fig. 1 (Paton). An amblyopic eve. Completely 
scarred cornea, involving all the layers (but no 
blood vessels present), in which a penetrating 
corneal transplant has remained clear for three 


years. Formerly a painted contact glass was used 
In this vision, as well as cosmetic improvement 


case, although central vision was not improved, 
there was a considerable improvement in peripheral 


in these cases for cosmetic improvement. 


| 


facts 


Fig. 2 (Paton). Conical cornea. (A) Preoperative vision, with correction, was 20/300. (B) Postoperative 


vision was 20/20 with a —5.0D. sph. — —1.25D. cyl 


Fig. 3 (Paton). Groenouw's dystrophy. (A) Preoperative vision was 2/200. (B) Postoperative vision 
was 20/30 with correction, following transplantation of a 6.0-mm. penetrating corneal graft. It is usual 
to find a slight clearing of the surrounding cornea adjacent to the graft in this type of dystrophy 
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Fig. 4 (Paton). Completely scarred cornea. (A) Preoperative vision was light perception. Two previous 
5.0-mm. transplants had been unsuccessful. (B) Postoperative vision, six months after a 10-mm. corneal 
transplantation, was finger counting at two feet. The cosmetic improvement is marked. 


Fig. 5 (Paton), Superficial central scar. (A) Preoperative vision was 20/200. The etiology of the scar 
is unknown, (B) Posttreatment vision was 20/40. Treatment consisted of currettage and application of 
two- percent hydrochloric acid 


Fig. 6 (Paton). (A) Old keratitis (nonspecific in origin) after irradiation therapy for the destruction 
of small blood vessels. (B) One year after a penetrating corneal transplant, vision was 20/20. 


ey 


PRESENTATION OF CASES 


Fig. 7 (Paton). (A) Conical cornea after first corneal grafting operation. The graft became cloudy 
from an unknown cause. No blood vessels were present. Vision with correction was 10/200. (B) One 
year after the second grafting operation was performed, The graft has remained clear during three years 
of follow-up. Vision with correction is 20/30. 


Pe 


Fig. 8 (Paton). (A) Adherent leukoma after beta irradiation to destroy several large vessels at the 
6-o'clock position. (B) Postoperatively, there was marked cosmetic improvement. 


Fig. 9 (Paton). (A) Adherent leukoma. Optical iridectomy did not improve the condition 
(B) Two months after a penetrating corneal grafting operation. 
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It was in London (1930) at the 50th an- 
nual meeting of the Ophthalmological Society 
that I first showed clear corneal grafts in 
rabbits. At that time, it was quite a unique 
demonstration. About four later 
(1934), I succeeded in obtaining, experi- 
mentally in rabbits, a clear corneal graft 
taken from a rabbit 24 hours after the death 


years 


of the animal. 


FIXATION OF THE GRAFT 


In the beginning, I found that suturing 
a rectangular or square graft frequently cre- 


Y 


Fig. 1 (Thomas). Sutures placed at right angles 
ated a line of tension on the graft, which 
meant that, after a little while, one of the 
sutures would come out. The next step was 
to use overiying sutures, beginning with two 
parallel sutures coming down over the graft. 
In rabbits, that resulted almost invariably in 
the graft slipping out sideways. 

Two such sutures, at right angles to each 
other, were then tried (fig. 1). The method 


* Dra. Paton: In introducing Mr. Tudor Thomas, 
I should like to mention the fact that it was 
through his early experimental work that I first 
became interested in corneal transplantation, and 
it is his technique that I have employed from the 
very beginning, namely, the trephine method, with 


some modifications 


REMARKS ON THE TECHNIQUE OF CORNEAL TRANSPLANTATION* 


Tupor Tuomas, M.D. 
Cardiff, Wales 


is similar to the one now used. Although 
these sutures retained the graft in place, one 
of the suture lines would often work to the 
edge of the graft and would sometimes inter- 
fere with its union. 

I then carried out two experiments. A 
razor blade was used to take a shaving from 
a rabbit cornea and the shaving was replaced 
with an autogenous graft, without any sutur- 
ing at all. The graft was simply held in posi- 
tion for a moment. It was left in place, a 
drop of oil was put on, and the rabbit was 
returned to its cage. Surprisingly, four out 
of seven of these grafts took. Four out of 
seven remained in place, and one of them 
actually became clear. 

It seemed to me that this indicated that 
there was something to be said for increasing 
the area of apposition of the margin of the 
graft and the margin of the recipient cornea. 
In other words, it seemed to indicate the 
adoption of some kind of shelving margin. 
That is what I did. 

You are all familiar with the suturing 
method used at the time I showed clear cor- 
neal grafts in rabbits at London (1930). The 
corneal graft was cross sutured in the ordi- 
nary way, the knot being right in the center 
of the graft (fig. 2). Although I do not 
recommend the method now—and it has been 
altered and improved upon—it did give very 
efficient fixation of the graft. I referred to 
it, and still refer to it, as eight-point fixation, 
describing the number of points at the mar- 
gin. Eight-point fixation can be done with 
two sutures, or a simple continuous suture 
may be used. 

In order to explain the next step in the 
evolution of corneal suturing, it is necessary 
to digress into a paragraph or two of ex- 
planation. 

When trephines of equal size were used, 
there was a tendency for the margin of the 
graft to override a little ; it tended to imbibe 
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secretions, become infiltrated, and produce 
opacity. In order to produce a snug fit of 
the graft in the hole—a cork, so to speak, 
into a bottle—the graft was made somewhat 
smaller. 

At first, the difference in size was about 
one third of a millimeter. In stages it has 
been reduced—to a difference of 0.25 mm., 
then to 0.2 mm. These small differences are 
quite appreciable. 

The suturing modification which followed 
was to do away with the knot in the center 
of the graft and to place it in the intracor- 
neal portion at the side. This took the knot 


Diagram of eight-point fixation 
of the graft 


Fig. 2 (Thomas) 


completely away from the graft, which was 
quite desirable. 

The technique that I still use involves the 
principle of cross sutures and shelving mar- 
gins, and the use of trephines slightly differ- 
ent in size. Cross sutures have, on the whole, 
been rather generally accepted. Concerning 
these cross sutures and the eight-point fixa- 
tion, I should like to emphasize one thing: 

We are dealing with a science of exactness 
in which neatness and attention to detail are 
important. It is essential to obtain exact sym- 
metry in the suturing. The sutures can be in- 
serted accurately and with perfect symmetry 
but, if one needs a little help, it is not diffi- 
cult to mark certain points on the cornea 
with a dye or ink. 


Figure 3 demonstrates the technique I now 
use for placing cross sutures. Point A is 
marked on the cornea and then point B is 
marked exactly opposite it. Immediately 
halfway between points A and B, are indi- 
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Fig. 3 (Thomas). Diagram of technique used in 
placing cross sutures 


cated the points C and D. Each of these divi- 
sions is subdivided into two exactly equal 
parts (fig. 3). 

Suturing is started halfway 
points A and E (fig. 3). Take the suture into 
the cornea at A, come right across the center 


between 


to a point midway between B and F. It may 
be difficult, especially if the needle is a bit 
curved, to go from A to midway between B 
and F without penetrating the anterior cham- 
ber or coming out through the epithelium. If 
it is, at B, 
then it runs on the surface of the cornea, 
then a little bite, and carry out at F, Back 


do it in two bites: a little bite 


across the center to E, passing intracorneally 
halfway to A, The remainder of the suturing 
follows this pattern. 

If this technique is followed, the sutures 
will be placed symmetrically and the margin 
of the graft will be supported equally at the 
various points. I still use trephines, slightly 
different in size, and scissors, and a slight 
shelving margin, with good results and clear 
grafts. 
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PREVENTION OF CLOTS 


Most operators have, at one time or an- 
other, been troubled with fibrinous clots. 
These may be prevented by using a solu- 
tion of 30 cc. of sodium citrate (three per- 
cent) to 70 cc. of normal saline. Grafts can 
be immersed in this solution with no more 
damage than by immersing them in normal 
saline. 

In experimental work on rabbits’ eyes, it 
is important to use some of this solution on 
everything connected with the operation—the 
graft, the hole in the recipient eye, and the 
suture, as well. Doing this will save trouble 
and annoyance. As has been shown, heparin 
can, of course, be used instead of this so- 
dium-citrate solution. 


AVERTING COMPLICATIONS 


Although I have heard the complications 
of anterior synechias and cataracts discussed, 
in my experience they have not occurred. In 
one case, in an unruly patient, a nervous 
complication occurring a little while after 
operation did produce an anterior synechia. 

Most of the corneal transplantations which 
I have done have been in cases that would 
generally be considered unfavorable, with 


opacities and completely white corneas. If 
the anterior chamber is normal and there are 


no unfavorable external conditions, clear 
grafts can be obtained. In my cases of this 
kind, 41 percent of the grafts were trans- 
parent. 

What influences, what principles of tech- 
nique produce these results? I ask these 
questions, I do not have the answers. For 
further consideration, | should like to put 
forth some points and, since I am not pre- 
pared to give the answers, I should like to 
phrase these points in the form of ques- 
tions. 

Are these complications averted because : 

1. The anterior chamber is entered in a 
shelving manner, with the trephine sloping, 
and is, therefore, opened more cautiously 
and damage does not occur? 

2. Does the fact that I, personally, like a 
plain tubular type of trephine, with a maxi- 


mum view of the cutting point unbroken by 
any overriding edge, have any influence? 

3. Does the use of sodium-citrate in saline 
solution and the consequent reduction of 
fibrin formation play any part? 

4. Is it because there is no aqueous leak? 
(With a shelving margin and complete ap- 
position of the two margins with firm pres- 
sure by the overlying sutures, there is a 
watertight joint.) 

5. Could it be that in corneal transplanta- 
tion, I rely on sutures? No pad, but a Car- 
tella shield, is placed on the eye. A dressing 
is placed on the other eye. After the sutures 
are removed—in seven days—binocular 
dressings are used. 

It occurs to me that possibly the wide 
shelving margin of the graft affords better 
nourishment than is present after a vertical 
cut, particularly if the surrounding cornea 
is badly damaged. It would seem worth- 
while, perhaps, to consider this especially in 
cases of very extensive leukomatous scars. 

To mention briefly the entrance of ves- 
sels into a graft from a vascularized cor- 
nea—this certainly need not take place. It 
seems to me that such an occurrence im- 
plies some defect in the graft itselfi—some 
nutritional defect, or some defect in the fit, 
or some overriding of a part of the margin. 

The tendency of vessels to invade the 
graft depends, as you know, on damaged 
rather than on destroyed cells. If cells are 
destroyed—if a piece of cornea is boiled 
in oil and transplanted, it can be made to 
unite and remain in place. No vasculariza- 
tion takes place. There is no irritation. How- 
ever, if the cornea is burned, either grafted 
or otherwise, it is quite a different matter. 

FATE OF GRAFTED TISSUE 

From my own experience and speaking 
only from my own observations, it seems 
to me that this is what happens to grafted 
tissue. In the course of time, in the ordinary 
homogenous graft, the epithelium is re- 
placed; the graft’s ewn Bowman’s mem- 
brane remains; the graft stroma remains, 
subject to any physical change that normally 


takes place in the cells; the graft’s Desce- 
met’s membrane remains although the en- 
dothelium (here I am uncertain) is probably 
replaced in the course of time and, later, 
a new Descemet’s membrane is formed. 

Experimentally, I have observed another 
type of graft—that is, transplantation of the 
sclera to the cornea, with the graft taken 
from the sclerotic membrane rather than 
from the cornea. In the course of time, say 
after the second year, the results seem to 
show that the graft consists of epithelium 
and endothelium, derived from the tissues of 
the recipient eye, and a stroma which con- 
tains the remains of the posterior fibers of 
the graft with new fibers from the host 
developing in situ. These fibers also come 
from the corneal cells and migrating cells. 

Some of the posterior fibers in the scleral 
graft are derived from endothelium and, in 
a vascularized graft, a great many are laid 
down by the vascularized tissue itself. At 
the end of two years, the scleral graft has 
a well-formed posterior elastic membrane, 
which is, of course, a new formation, formed 
from the endothelium. 

Heterogenous grafts can unite, but invari- 
ably, become vascularized. Usually in a het- 
erogenous graft, say cat to rabbit, primary 
union is incomplete, and there is a good 
deal of breaking down of the tissue of the 
graft itself, surface disintegration, so that 
the epithelium which is present after a time 
is obviously replaced from the tissues of the 


Question 1 


Do you dilate or constrict the pupil before 
surgery? 

Mr. Tupor Tuomas (Cardiff, Wales): 
I always dilate the pupil before operating. I 
started that technique in rabbits ; I have con- 
tinued it in man. I do not regret it because 
I have never encountered cataract as a _ost- 
surgical complication. I suppose the main 
purpose in constricting the pupil before op- 
eration is to prevent damage to the lens. 


REMARKS ON CORNEAL TRANSPLANTATION 
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host. This commences in less than two weeks 
and is complete in much less than two 
months. 

Underneath the epithelium there is a sub- 
epithelial layer of fibers with vascularized 
tissue, derived from the recipient corneal 
stroma, and these fibers grow around and 
into the heterogenous graft fibers. At the 
back of the graft there are layers of cells 
derived from the endothelium of the recipi- 
ent eye, and a new elastic membrane de- 
velops, to my knowledge, in less than 14 
months and more than 3 months. After a 
year to 18 months, these findings are pres- 
ent in the graft tissue: epithelium and a 
substantial subepithelial layer derived from 
the recipient eye; the original, broken-down 
fibers of the heterogenous graft; another 
layer of fibers, with a posterior elastic mem- 
brane and endothelium—all derived from 
the recipient eye. This picture of a subepi- 
thelial layer, the other layers at the back, 
and an endothelial layer, with the broken- 
down remains of the graft in the middle, 
gives one the impression of tissue which is 
tolerated but ostracized by the recipient eye. 
The host will take the heterogenous graft; 
it will surround it; and it will shut it off 
as much as possible. To emphasize: If a 
section is cut through a heterogenous graft 
and an adherent iris, it is almost certain to 
show that the iris is growing into the cor- 
nea of the host rather than into the tissues 
of the graft. 


However, it might be that dilatation favors 
the prevention of iris adhesions. I always 
dilate the pupil before operation. 


Question 2 


How do you obtain the bevel in your tech- 
nique? 

Mr. Tnomas: First, I use the trephine in 
a vertical position and then I tilt it a little, 
going in at one side. When taking a graft, I 
go fairly deep vertically, then open boldly 


| 
‘at * 
i 
. 
4 
; 
| 


70 MAUNO VANNAS 


on one side, and continue with scissors 
around the graft, holding the scissors in a 
slightly sloping position. 

In opening an opaque cornea, one has to 
be very careful, for in opaque corneas there 
are differences in thickness. The vertical 
incision is not quite so deep. As soon as I 


feel that I am into the stroma of the cor- 
nea, I tilt the trephine and open the incision 
obliquely. On the least sign of aqueous, | 
take the trephine out. 

If the opening is not large enough to intro- 
duce the tip of a scissors, I increase it very 
slightly. 


REMARKS ON THE TECHNIQUE OF CORNEAL TRANSPLANTATION 


Mauno Vannas, M.D 
Helsinki, Finland 


The greater number of my transplanta- 
tions are already more than 10 years old; so 
also are most of the following observations 
published in 1939 and later confirmed. 

To make a pentagonal graft, in order to 
get the angles wider than they are in a 
square, I have a metal stamp, similar to a 
rubber stamp, consisting of needles. A slight 
pressure with this stamp and the needles 
bite into the surface of the cornea making 
small marks in the epithelium. A drop of 
fluorescein on the cornea makes these marks 
visible. 

It is very easy then to cut along these 
lines for a pentagonal graft, which I like 
because it has wider angles than the square 
graft. However, I prefer the round graft, 
as you do. Contrary to the practice of other 
operators, | commonly use a mechanically 
driven trephine. With this high-speed tre- 
phine, I obtain a completely isolated trans- 
plant, not only from the donor but even 
from the recipient cornea in almost 10 per- 
cent of the cases. If I need scissors, 1 have 
to cut only a very short distance at the pe- 
riphery. 

It would seem reasonable to ask: “How 
often is the lens or iris injured with such 
a method ?” 

Phere is a preventive method needed, and 
1 always use it if the anterior chamber is 
even a little more shallow than normal. This 
preventive method consists of the injection 
of 10 percent, now commonly 20 percent, 
gelatine solution into the anterior chamber 


before the grafting. The injection is done 
with my needle which has a hole on the side, 
as is shown in Blascovics’s Surgery. The 
gelatine keeps the anterior chamber deep, 
then it slowly comes out through the tre- 
phine hole, and the rest of it disappears from 
the anterior chamber in a few hours. 

To keep the transplant in place, I use no 
threads on the graft but a very thin rubber 
membrane. The thinnest and strongest rub- 
ber membrane in the world is the condom 
rubber. It is also transparent and suitably 
flexible. 

The sutures are placed in the usual way 
(before trephination) at the limbus or as 
near the graft as you want. The rubber is 
conveniently cut between two papers of the 
correct size and sutured with four, five, or 
more sutures, almost as the cornea is sutured 
in the cataract operation. Two or three of the 
upper sutures have already been tied before 
the trephination. Consequently, the graft is 
put, as it were, under an updrawn curtain, 
which then will cover the transplant, its 
lower margin being sutured. 

The larger the graft, the more advanta- 
geous, I believe, is the rubber membrane. 

Almost 30 percent of my grafts are from 
stillborn children, because to date that has 
been my most available material. I have the 
impression that it is as good as the other 
materials. One of my best patients, oper- 
ated on at the age of 15 years, has stillborn 
material. Now, after 12 years, the vision is 
still normal. 
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There is, however, a disadvantage in using 
these children’s corneas. The small size, es- 
pecially the short radius of curvature of the 
stillborn cornea, makes the patients highly 
myopic. Therefore, only a contact glass can 
help these patients. So, the patient has nor- 
mal vision with a contact glass, but vision of 
not more than 0.1 with the best possible 
correction with spectacles 


Question 1 


Do you put the rubber membrane on a 
stretch when you suture it in place? 


Dr. Vannas: I put in two or three sutures 
first. I don’t know whether it is better to 
put them in the direction of the radius or 
anteriorly and then twist them through the 
rubber membrane. I have tried both. 

If the transplant is very large, then I put 


QUESTION 1 


Why do French surgeons use grafts of 
a different size from the recipient bed? 


Dr. G. P. Sourpiitie ( Nantes, France) : 
To answer that question is difficult because 
it is to tell the whole story of the graft. At 
first everyone used the same size for the 
host and the donor. 

Franceschetti was, I believe, the first one 
to use trephines of different size for the 
graft and the recipient cornea. He did this, 
it seems to me, because he had lost a graft 
which fell into the depths of the anterior 
chamber. He constructed trephines with a 
difference of 0.1 mm. and used the larger 
one for the graft. Now, | think, for the 
penetrating graft, everyone uses the larger 
for the host and the smaller for the graft. 
It is interesting to follow the various 
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Davip H. Werster, M.D., Chairman 
New York 


In conclusion, I should like to ask: Will 
you shortly have the courage to begin to cor- 
rect refractive errors with corneal grafting? 

The natural way for increasing the refrac- 
tion would be to substitute the children’s 
eyes with a graft of greater curvature than 
the cornea, and there is certainly the possi- 
bility of finding a way to decrease the refrac 
tion. 


my sutures at the limbus. These sutures are 
then put through the rubber membrane and 
definitely tied. They are ready there, and 
the membrane is hanging over the cornea as 
a curtain. The trephining is done under the 
membrane. As the transplant is placed into 
position, the curtain is lowered. The sutures 
are ready and tied. If additional sutures are 
needed—and you have good needles—it is 
possible to put them in. 


Stages in the evolution of this problem. 
While Mr. Thomas was speaking of bevel- 
ing the incision, it occurred to me that, in 
the beginning, all of us were afraid that the 
graft would fall into the anterior chamber. 

I now use a slightly beveled incision, but 
different in size from that used by Mr. 
Thomas, I think it is 
have a slightly larger cut in 
membrane than in the anterior layers of the 
cornea. Scars are very frequent when the 
cutting of Descemet’s membrane is not well 


more important to 
Descemet’s 


done. In many cases, a good incision of 
Descemet’s membrane is not made with the 
trephine. That is easy to understand. When 
pressure is applied to the trephine, the curva- 
ture of the posterior layer of the cornea is 
modified, and there is a difference between 
the anterior and posterior radius. For this 
reason the use of different trephines is im- 
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portant. When I use the same trephine, a 
conical deformity of the graft more fre- 
quently results. 


Question 2 


Should the cornea be entirely free from 
new blood vessel formation before any type 
of corneal surgery is attempted? 

Mr. Tupor THemas (Cardiff, Wales): I 
think I might venture to answer that ques- 
tion in this way: In interstitial keratitis you 
can get quite nice results although there are 
blood vessels in the cornea. 

Dr. Sourpitce: If a lamellar keratoplasty 
is done, it is not harmful to have blood ves- 
sels, I have operated on cases in the begin- 
ning of the second period of Hutchinson's 
keratitis, during the penetration of the ves- 
sels into the cornea. It is amazing to see 
how the corneal lamellar graft can stop the 
penetration of the vessels in this stage of 
the disease. 


Question 3 


How can postoperative myopia and astig- 
matism be prevented? 


Dr. Joun McLean ( New York): I wish 
I knew the answer. However, I do not be- 
lieve it is of great importance because a 
patient whose vision is so poor that he re- 
quires a corneal transplantation will not be 
concerned about whether or not he is going 
to have to wear glasses. From time to time, 
contact lenses may be required to give maxi- 
mum visual acuity. 


Question 4 


Discuss postoperative pressure in corneal 
transplantation for keratoconus. 


Dr. Brennan D. Leauey (Lowell, Mas- 
sachusetts): Usually, unless there is some 
late bulging of the graft, postoperative pres- 
sure is not used in cases of keratoconus. In 
cases other than keratoconus, pressure is 
used when there is actual bulging of the 
graft. 

Recently, | had a case that worried me a 


great deal. It was a cross section, and the 
graft bulged all around. The patient had a 
secondary glaucoma. The graft came up with 
the trap door which was poorly set in. 
Miotics were administered and pressure was 
applied for about 10 days. The graft became 
perfectly all right and is clear at the present 
time. 

Some surgeons, however, routinely advise 
pressure in the keratoconus cases, starting 
about three weeks after operation. 


Question 5 


Is there any correlation between the speed 
of epithelial regeneration over the graft and 
the absence of postoperative edema of the 
graft? 

Dr. Louts Paurigue (Lyon, France): 
There is no correlation, as far as I know. 
The regeneration is too rapid to have any 
relationship with the destruction of the 
epithelium. The most important part is the 
posterior surface. When the graft is deep in 
the anterior chamber, aqueous fluid seeps into 
the deepest layers, and I think that is much 
more important than the epithelium. The 
epithelium is not so very important. 


Question 6 


What effect does the local application of 
sulfonamides have on the healing of corneal 
wounds—that is, how does it affect cellular 
migration and mitosis of the epithelium? 


Dr. Witnetm Buscuke (New York): 
There have been some studies on the effect 
of various sulfa drugs on both migration and 
mitosis. However, the results were not quite 
consistent in that the inhibitor effect pro- 
duced on mitotic activity in the epithelium by 
some of the sulfa drugs did not seem to be 
due actually to the sulfa drug but rather to 
the size and distribution of particles in the 
ointment which had been applied. The par- 
ticles, which have a somewhat mechanical 
damaging effect, would produce an inhibition 
of mitosis. There would seem to be no dam- 
aging or detrimental effect on either the 
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movement of cells or the mitotic activity due 
to sulfa drugs in therapeutic doses. 


QuesTION 7 
Is it safe to use eyes with malignant 
tumors for donor material? 


Dr. PAUFIQUE: One case in which retino- 
blastoma was transferred from the donor to 
the host has been reported by a Japanese 
surgeon. If a donor eye is affected with 
reintoblastoma, I do not use the eye. 

Dr. Sven Larsson (Lund, Sweden): We 
had a case at the Infirmary about a year 
ago of a ring sarcoma with pigment deposits 
in the back of the cornea and uveitis. Dr. 
Verhoeff saw this eye and he advised against 
using it because, as he said, some of that 
pigment might grow in the new eye. There 
has been no case reported of its happening, 
but he felt it was probable that it might 
happen in this case. 

Dr. SourpitLte: This may not be the oc- 
casion to say this: but I think the grafting 
operation is not so dangerous, Last year I 
operated on a case using a graft coming 
from an eye which had been eviscerated from 
a friend of mine. I could not obtain another 
donor at the time. Three days afterward, 
the second eye was affected with sympathetic 
ophthalmia, and I was very worried for 20 
to 30 days as to the outcome. We nursed 
the case along and the result turned out to be 
good. 

Mr. Tuomas: Mr. Chairman, might I 
suggest that this is a very important question 
and I think we out to answer definitely that 
the risk is either nil or negligible? I, like 
Dr. Paufique, have heard of only one case, 
and that was the Japanese case in which a 
glioma was transferred. I have used a fair 
number of eyes with melanotic sarcomas and 
a few—a much smaller number—with glio- 
mas, and I have never had such occurrence. 

As we have gathered together here those 
who are interested in corneal transplantation 
from a wide section of the globe, the whole 
of America, and parts of Canada, I believe 
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that if there is anyone here who has had 
experience with such a thing that we should 
hear it now; and if there isn’t we will know 
that we are on safe ground. 

Dr. Paurigue: I can say one thing: 
Emery, who was a very good corneal sur- 
geon, used only fresh eyes removed from 
patients in his clinic. He used melanosar- 
comatous eyes and he never had a compli- 
cation, But with retinoblastoma you do not 
have the same situation. 

Dr. Paton: I am glad Mr. Thomas em- 
phasized the importance of this. Serious 
trouble could result if there were any dis- 
agreement. 

The Eye-Bank is taking the stand that the 
surgeon who uses the eye knows, of course, 
why the eye was removed and he, of course, 
is finally responsible if anything goes wrong 
with the patient. We are not, however, ad- 
vising or recommending the use of glioma- 
tous eyes, particularly as some of these eyes 
show precipitates on the back of the cornea, 
and there might be tumor cells present. Al- 
though the Japanese case is the first and 
only one I have ever heard of, we have ad- 
vised against the use of gliomatous eyes 
just because there may be some doubt in 
some cases. 

Dr. Davip Freeman (New Haven, Con- 
necticut): I should like to say one word 
about the carrying over of retinoblastoma. I 
personally doubt that occurrence very much, 
for two reasons: First, among numerous 
cases, only one instance has been reported 
and that in a very distant country, There 
is a great difference of opinion many times 
as to the diagnosis on the section. The sec- 
ond reason is that, in the laboratory in which 
I work, Dr. Green, who has grown most 
human tumors, has been unable to grow any 
nerve-originating tumors. 

Dr. McLean: I wonder if Dr. Green has 
tried many retinoblastomas. 

Dr. Freeman: We have tried one, because 
we have just become interested in that, and 
have found, for three to four months up 
to the present time, that there has been no 
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growth with a freshly removed retinoblas- 
toma. 

Dr. Katzin: | assume that the retino- 
blastoma was transplanted into an animal. 

Dr. Freeman: Yes, a lower animal. We 
do not use human beings. 

Dr. DeVore: I asked Dr. Levine that 
same question. His answer was that nobody 
would ever do it to his eye. So, I don’t know. 
He seemed to be quite doubtful about it. 

Dr. Freeman: Of course, we are not 
transplanting these to human beings. We 
have tried several types of animals that 
readily grow all carcinomas, but with the 
nerve-tissue tumors there has never been 
any growth. 

Dre. I. M. Green: I recently had an 
opportunity to study a large number of eyes 
with some metastatic carcinoma, and in those 
eyes you do find cells precipitating on the 
posterior surface of the cornea. Since they 
are transmissible, I think a point to be 
borne in mind is that these eyes probably 
should not be used. I feel as Dr. Devoe 
stated: I would not want them used on me. 

Dr, (Baltimore): I think 
it is important to divide the two types of 
tumors implied in the question, (1) retino- 
blastoma and (2) melanoma, because retino- 
blastomas, of course, are seen in all the tis- 
sues of the eye and extend locally ; whereas, 
the melanomas very rarely metastasize to 
other portions of the eyes and, if they do, it 
is late. In the retinoblastomas, however, it is 
very early. | think that would make a dif- 
ference in consideration of the question. 

Dr. Leanry: I should also like to sug- 
gest that the melanomas should be divided 
as to whether they are anterior or posterior. 
We have done a number of cases with pos- 
terior melanomas. Some of them have gone 
10 or 11 years without recurrence. We never 
thought of the possibility that there could 
be recurrence. 

In the case I mentioned we actually found 
deposits on the back of the cornea. We know 
they are transmissible, The anterior chamber 
is a beautiful place to grow tumors, so that 
is the reason I would advise against using 
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that kind of a graft when there is an anterior 
tumor, a ring sarcoma with proliferation of 
pigment on the cornea and in the angle and a 
few pigment spots on the back of the cornea 
elsewhere. 

Dr. Joserpu Lavat (New York): I think 
Dr. Paton has summed the question up rather 
concisely. lf the physician who is going to 
grait the cornea knows the eye of the donor, 
as Dr. Paufique mentioned—in some clinics 
each donor's eye is examined by the surgeon 
—then he can be safe. He will know whether 
the retinoblastoma has involved the cornea ; 
he will know whether the sarcoma is pos- 
terior or anterior, But we in the Eye Bank, 
as Dr. Paton said, have to be extremely care- 
ful because we don’t see these eyes until they 
are brought to us in bottles. Therefore, | 
think Dr. Paton is right that we should not 
give away eyes for transplant that harbor 
retinoblastoma or that harbor sarcoma an- 
terior to the equator. 

Dr. Freeman: How can the surgeon be 
sure that the growth is anterior or posterior 
when there can be seeding of invisible cell 
elements all over? 

Dr. Lavat: All the sarcomatous and 
retinoblastomatous eyes that are examined 
in the laboratory here, for example, don’t 
show microscopically any seeding anteriorly 
unless those seedings have been visible with 
the slitlamp. If you don’t see any with the 
slitlamp, you won't see any with the micro- 
scope in the laboratory. If the surgeon ex- 
amines the gliomatous eyes clinically with 
the slitlamp, he will know whether there are 
seedings, and he will certainly know clini- 
cally from the sarcomatous eyes whether the 
lesion is in the choroid or is in the anterior 
portion near the ciliary body. If he is not 
certain, he should not use the eye. 

Dr. Paurigue: I think it is best not to 
use the eye of a patient when it is known that 
there is a tumor. It is better to wait and use 
a good eye. 


(Question 8 


Is it safe to use a transplant from a donor 
who has not had a Wassermann test? 
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Dr. McLean: I think that question nearly 
parallels the tumor question. 

It is, in all probability, impossible to 
transmit syphilis through a piece of cornea. 
Nevertheless, I feel sufficiently unsure, and 
I should like to know that the donor patient 
did not have syphilis before using that as a 
donor eye. It is an experiment which, to my 
knowledge, has never been performed, and 
I am not anxious to be the first one to per- 
form it and get a positive result on a patient. 
It is probably safe, but there is a possibility 
that it is not. 

Dr. Lava: I should like to ask a ques- 
tion. Can syphilis be transmitted in avascular 
tissue? Does anybody here know? 

Dr. Itirr: To answer your question in- 
directly: there have been only two or three 
proved cases in which spirochetes were actu- 
ally found in the cornea, and those were 
cases that had an actual keratitis. A cornea 
that does have a keratitis present would not 
be transplanted so I think it is very doubtful 
that any organisms would be transplanted. 

Dr. McLean: It is doubtful, but can you 


prove it? 


QUESTION 9 
~ 


In a highly vascularized cornea should 
a keratectomy be done before or after irradi- 
ation? 

Dr. Leaney: In a few cases in which 
the radium-D applicator has been used, the 
procedure has been to do a keratectomy first 
if the lesion is large enough and follow this 
with beta irradiation. If there is a large 
blood vessel trunk, not enough to do a 
stripping on, the irradiation treatment is 
given first, and, at the same time or right 
after, a peritomy is done. Other irradiation 
treatments follow. Two or three drops of 
pontocaine are used for anesthesia. 


Question 10 

Will Dr. Wiener mention any advantages 
of his corneal punch over the trephine? 

Dr. Meyer Wiener (Coronado, Califor- 
nia): I think it has many advantages. 


First of all, it is almost impossible to injure 
the lens. Secondly, it gives a beveled edge 
which prevents the cornea from slipping in 
and gives a wider adhesive surface. Again, 
since the two surfaces are maintained 
mechanically, both the donor and recipient 
grafts are identical, which I think is very 
important. 

I retired 13 years ago and I have not 
done any of these myself. Only my students 
have done them, and there have not been 
many done. But the reports that I get 
seem to be most favorable and they become 
more favorable from time to time. We did 
have difficulty in getting the anterior syn 
echias. We used to do a complete iridectomy. 
Since using the McLean sutures for a kerat 
otomy incision and doing an iridotomy and 
then injecting air into the anterior chamber 
after the operation was complete, we have 
not had any anterior synechias. 

One more reason why it is advantageous to 
use the punch: It is very easy. It takes 
only about 12 minutes to do the operation. 


Question 11 

What is the benefit of decompression after 
lamellar graft if the anterior chamber re- 
fills in a few minutes? 

Dr. Paurigue: At the end of a lamellar 
graft, | refer to a partial lamellar graft only, 
you can see that the posterior layers of the 
cornea are very thin, and that the pressure of 
the anterior chamber pushed them out. Con- 
sequently, it is not easy to put the graft in 
place. 

However, | open the anterior chamber at 
the end of the operation. The fluid does 
come again, but during this time the ad- 
herence of the graft to the cornea is very 
rapid. It is very useful to open the anterior 
chamber after a partial lamellar graft in 
order to get a good placement of the graft. 

Mr. Tuomas: May I follow that with 
another question to Dr. Paufique? 

In a perforating graft, the adhesion would 
have to be entirely between the graft and the 
cornea. Do you find it adheres quickly 
enough to effect this? 
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Dr. Paurigue: Oh, yes, after the opening 
of the anterior chamber. 


Question 12 


Why do the European doctors use eserine 
after the graft? 

Dr. Sourvitte: In some cases we use 
atropine ; in some cases we use eserine, That 
is easy to understand. When you use a 5.0- 
mm. graft, you can dilate the pupil readily, 
and beyond the graft there is no more iris. 
When you use a 6.0- or 7.0-mm. graft, you 
cannot hope to open the pupil widely enough. 
The border of the sphincter is beyond the 
graft. In such conditions | think it is better 
to use eserine for the first dressing, And 
it is the same situation when you have a 
previous iridectomy. You cannot dilate the 
pupil sufficiently if you use a large graft. 

Dr. Lavat: Do you think that with neo- 
synephrin you might open the pupil widely 
enough ? 

Dr. Sourpitte: | use neosynephrin (two 
percent) very often. 

Dr. Lava: Then you would not have to 
use eserine ? 

Dr. Sovurpitte: With a 6.0- or 7.0-mm. 
graft neosynephrin is not sufficient, because 
its action is not long enough. 


Question 13 

Will Dr. Kronfeld give some of his ex- 
periences with control of secondary glaucoma 
medically and surgically in postoperative 
corneal transplant cases? 

Dr. Peter C. Kronretp (Chicago): My 
experience with glaucoma following corneal 
transplantation is very limited, but I believe 
that most of these are cases due to prolifer- 
ating anterior synechias as a result of the 
presence of a shallow chamber or absence of 


a chamber. 
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The surgical procedure that I have had to 
use a few times and that I would recommend 
is cyclodialysis with a spatula in the anterior 
chamber; in other words the operation that 
Dr. Paul Chandler in Boston advocates for 
elderly people. I would do a cyclodialysis 
from both sides, permitting the tip of the 
spatula barely to appear in the anterior 
chamber—-pushing in a forward direction 
then back and sideward, breaking all the 
synechias posteriorly and forward. 

I have done a few of those cyclodialyses, 
and they have worked just as well as cyclo- 
dialysis works in other cases. A comparable 
situation would be in glaucoma following 
cataract operation with absent chamber. 

With regard to the medical treatment of 
these cases, | believe that the eserine cases 
do proportionally better than the proponal 
group or the acetylcholine group. I know 
of three cases in Chicago that are quite well 
controlled with small amounts of eserine. 
One case does quite well on D.F.P. 

On the whole, however, glaucoma second- 
ary to corneal transplantation is a rare con- 
dition, especially with the improvement in 
technique. 

I had to acquire the technique for doing 
corneal transplants in China, and I know 
very little about it. But there the incidence 
of secondary glaucoma was small. 

Once a glaucoma has established itself and 
does not respond to the first cyclodialysis, I 
think the chances of success with the second 
cyclodialysis are very small. Instead of doing 
a second one, | would prefer to do a cyclodia- 
thermy. 


Question 14 


Can the eye of a patient who has died of 
scarlet fever or any infectious disease be 
used for donor material? 


Dr. Katzin: No. 
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From the pages of our new Eye Catalogue 


Keratoplasty Instruments 


SPECIAL FEATURES Trephine, Corneal Transplant, 
These trephines have a number CASTROVIEJO: 


ot new teatures 

1. Abrupt bevel extending from Sizes: 5-514-6-614-7-8-9-10-1 1mm. 
cutting edge 

2. Plunger completely fills inside 431 5 small sizes in plastic case $117.50 
of cutting blade 

3. Stops are curved to adapt to 432 
the corneal curvature 433 Single, 5 smaller sizes, each 19.00 
One turn of stop moves it 1mm 
for casvy adjustment 


4 large sizes in plastic case 95.00 


Single, 4 larger sizes, each 20.00 
434 Trephine, Corneal Transplant, GUYTON: 
Permanent inside stop 2mm from edge. 
Made cither for dental engine or Elliot 
Chuck handle $ 7.50 
Irephine, Corneal Transplant, KATZIN: 
One piece with adjustable inside stop and 
forefinger plate, Extra blades, same size 


as instrument, can be had. Sizes 5 through 
$20.00 
Irephine, Corneal Transplant, PATON: 
Simplified design with easily adjustable 
inside stop. $14.50 


Catalogue 


SENT UPON REQUEST 


STORZ INSTRUMENT CO. 
4570 Audubon Avenve 
St. Levis 10, Missouri 
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Four different trifocal answers 
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Four different visual problems Z 
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